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TREATMENT OF DISEASES RELATED TO CELLS EXPRESSING IL-8 OR GRO-ALPHA,
COMPRISING 2EBEISICS 5 TECHNICAL FIELD The present inventioPGEERREMMYene therapy
composition for transferring a therapeutical gene, a marker gene, or a product thereof to a cell that
expresses interleukin-8(IL-8) or GRO-a and induces tropism of umbilical cord blood-derived 10
mesenchymal stem cells or mesenchymal stem cells isolated from umbilical cord blood and/or the
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disease related to a cell expressing IL-8 or GRO-a, or brain tumors in gene therapy, using the
composition includes 15 UCB-MSCs. The H%ﬂmntion also relates to a composition or kit for
diagrosing brain tumors, preventing brain tumors, treating brain tumors, or monitoring brain tumor
treatment progression, using UCB-MSCs. 20BACKGROUND ART It is known that stem cells
migrate toward sites of pathology. Recently:rﬁ%y%%dﬁwalt-@one marrow-derived mesenchymal
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can migrate to sites of specific tumors may prove to be a useful tool in gene theraﬁ%/. For example,
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gene to tifpHHaR-SFE-BPie SRGIAlarfeRduels Fropiddy -of AmiBiital: K&ldeblodd-gémledrespir
Res 8, 50 (2007)]. Despite this interesting phenomenon, the molecular mechanisms regulating MSCs
trafi@kingNBSERbY ARl $iermapells or mesenchymal stem cells isolated from umbilical cord blood
and/or the mesenchymal stem cells expanded from said mesenchymal stem cells
(UCB-MSCs), wherein the gene therapy composition includes UCB-MSCs.
The present invention also relates to treating disease related to a cell expressing
IL-8 or GRO-a, or brain tumors in gene therapy, using the composition includes
15 UCB-MSCs. |
The present invention also relates to a composition or kit for diagnosing brain
tumors, preventing brain tumors, treating brain tumors, or monitoring brain tumor

treatment progression, using UCB-MSCs.

20 BACKGROUND ART
It is known that stem cells migrate toward sites of pathology. Recently, it was
found that bone marrow-derived mesenchymal stem cells (BM-MSCs) have a tropism for
tumors and migrate toward tumor sites. Such BM-MSCs that can migrate to sites of
specific tumors may prove to be a useful tool in gene therapy. For example, BM-MSCs
25  having a tropism for tumors can be used as vehicles for transferring a therapeUtic suicide
gene to tumor sites [see Ponte A.L. et al., Stem Cells, 25, 1737-1745 (2005); Kahler C.M.
et al., Respir Res 8, 50 (2007)]. Despite this interesting phenomenon, the molecular
mechanisms regulating MSCs trafficking to tumor are unclear. |
Growing evidence over several years indicates that induction of BM-MSCs
30 migration seems to be stimulated by several soluble factors. Recently, monocyte
chemoattractant protein-1 (MCP-1) secreted from breast cancer cells has been shown to
stimulate BM-MSCs migration [see Dwyer R.M. et al. Clin Cancer Res 13, 5020-5027
(2007)]. Furthermore, chemokine ligand2 (CCL2) and chemokine ligand10 (CCL-10)

can induce the migration of neural progenitor cells to sites damaged within the middle
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in vi d show bioactivity. For example, BM-MSCs to which a human hAngl gene is
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0779-784], BM-MSCs r essing Akt surprisingly treat myocardial ipnfarction and improve
functions%?rt@m%e Wiﬁg aYﬂ"l\ﬁBléj‘Lﬁﬁ?%gQéEﬂ/ 19% ,584'(5‘!5%&'%8]', A gene-modified
B%-Ms%gmwwm%ﬂgp?ﬁl frredann @fté%ﬁ%{ﬁaeu‘féaﬁy%llﬁj%'i,ira%i&iafﬁ%ﬁrclﬂ@p?)],
and BM-MSCs overexpressing endothelial nitric oxide synthase recovers the damage of right
ventricu AR o RBA) 1 BRI E FI Ay ShehRaSEeAeT CiREBHGigaton 557 2007)
114{puppAAd-F4481 ek Thesrresphesisie g ARt haidHSicgiaradi¢hyarargiar tfat@bicadcan be

used as a tool in Meanwhile, in gener Is of the central nervous system are well

ene therapy. ' al, cel
reguIatedmﬁﬁ%‘(gi%ﬂ%'eﬂﬁt?gﬁ?@rqdﬁﬁes%%%%gfs%o’lwé’ CHiRa TP O P4965 ver, when
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tumors. I addO% on [see Sachiko et al., Circulation, 114[supp! [[1-181~1-185]. These results
indicate that MSCs to which genes are introduced can be u‘sed as a tool in gene therapy.
Meanwhile, in general, cells of the central nervous system are well regulated,
wherein the central nervous system consists of a brain and a spinal cord. However,
when this regulation collapses, cells are continuously divided and tumors are formed.
20  Tumors can be categorized as benign tumors or malignant tumors. The central
nervous system has neurons, and glia cells that support and protect the neurons.
Tumors generated in glia cells are known as glioma. Glioma accounts for 50% of
primary brain tumors and accounts for 15% of primary spinal cord tumors.  In addition,
brain tumors include neural tumors, blood vessel tumors, and gland tumors. There is
25 also a secondary brain tumor caused by other tumors developed in other sites of the
body. The secondary brain tumor is the most common type of brain tumor
Treating brain tumors are difficult due to the sites of the tumours. Brain tumors
can be treated by physical surgery or chemotherapy. For physical surgery, when tumor
sites are completely removed, complications are likely to occur.  For chemotherapy, a
30  high-concentration anticancer drug needs to be injected due to a brain-blood barrier, and
thus, it seriously damages other organs. Recently, gene therapy has been used to treat
brain tumors. In gene therapy, a gene is introduced for suppressing growth of cancer
cells by using a virus vector. Since the virus vector does not have a selective migration

capability toward a target cancer site, the virus vector is surface-modified to obtain such
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555&)55&1)(2310&)11\6[})(&&11 fc@lnd(ﬂwﬁcbvaﬁemmnsspaﬁﬁlﬁé-ﬁés&mmnel}fm et@‘n felisdcthiaying an
|mmune e ene romoting,gene, a pro-dru convert| an oncolytic
Vs, exc DTS S e T RS ST et S e R B e
deaminagm wwbosumpnomvbng)geue tb@medrugvmnwrmg emmme @emmualyacgemslémanges
5-fluorocyosine (5-FC racil 5 FU e|n n anticancer, drug and 5-EC is a
prodrug o #Q‘ﬁﬁéggle oWn 7 k?]ral—?anmr? ecr?@%? 2 lf y?*ﬁ%%%'@&ﬁ@ﬁ%@éﬂaﬁ et al.
reported tegrginagd gébeaumﬂﬂmrfgwestdedm&aﬂwl h;a|njanheganemelcgtmmuteﬁﬁﬁm@éogaeélvenng
Intefleukigila L84l ocytosine (5-FC) into 5-fluorouracil (5-FU), wherein 5-FU is an anticancer
drug and 5-FC is a prodrug of 5-FU (see Brown AB et al., Human Gene Ther. 14(18),
1777-1785, 2003). Ehtesham et al. reported that growth of brain tumors was
decreased by injecting neural stem cells treated for delivering interleukin-12 or a tumor
necrosis factor-related apoptosis-inducing ligand (Cancer Res 62, 5657-5663, 2002;
20 Cancer Res 62, 7170-7174, 2002). However, using neural stem cell in clinical
experiments causes ethical problems related to how neural stem cells are taken, and
immunological rejection caused by allogenic transplantation. Accordingly, there is a
need to find other types of stem cells that do not cause these problems and can be easily
obtained.
25 Akira et al. disclosed that BM-MSCs have a tropism for brain tumors (see Cancer
Res 65(8), 3307-3316, 2005). BM-MSCs can be taken from patients. When
BM-MSCs are injected through autologous transplantation, immunological rejection does
not occur, which is an advantage for a clinical use. In a study, human BM-MSCs were
injected into nude mice having skulls transplanted with human glioma cell lines through a
30 carotid artery. As a result, the human BM-MSCs were found only in glioma and not in a
normal part of the brain adjacent to glioma. In addition, even when human BM-MSCs
were transplanted into a skull, human BM-MSCs migrated toward glioma. When
human BM-MSCs were infected with an adenovirus vector containing cDNA of an

IFN-beta gene and then the resultant vector was injected into a glioma-transpianted skull
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taken from umbilical cords which are discarded in delivery processes. Also, the UCB storage industry
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ccordingly, high immunological stabjlity can be obtained. Therefore, it is very important to identi
whether g%i&ﬁ?@é&%%‘%lﬁqmemp&ﬁg freatdRI Pt AtieBRtSoIceeniEtiag However,
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cited in the 15present ,:?pei:ification are incorggrated by reference in their entitY. Also, all the

15 present specification are incorporated by reference in their entity. Also, all the
information disclosed in the present specification is used only to help understanding of

the background of the present inventive concept and cannot be prior art.

DETAILED DESCRIPTION OF THE INVENTION
20 TECHNICAL PROBLEM
Target gene therapy recently developed uses specific migration characteristics of
mesenchymal stem cells (MSCs), in which therapeutical genes are introduced to MSCs
and then the resultant MSCs are migrated to a disease site and the disease is treated.
To develop gene therapy using tropism of MSCs, a molecular mechanism regulating the
25 migration of MSCs toward tumors should be completely understood. However, the
molecular mechanism has not yet been determined. Accordingly, the present inventive
concept is to find out the molecular mechanism of UCB-MSCs migrating toward a tumor
cell and uses the molecular mechanism in gene therapy.
Although research into whether brain tumors can be treated with neural stem cells
30 or bone marrow-derived mesenchymal stem cells (BM-MSCs) are being conducted,
collecting neural stem cells and BM-MSCs may lead to ethical problems, immunological
rejection, and mental and physical stress of a subject from which BM-MSCs are taken.
Accordingly, the present inventive concept also provides a stem cell that can be taken

without these problems described above and have better tropism for brain tumors.
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better troFRHARBRARADIY thad Bessnsiosaal sleanoriieiseiairt fopmhanaMerwend/er bR
The invemiRySepicifiPSRINh IBYROBSPARISIOPORLSERG heseaieRymardesne salvgpveagsellems, and
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15 and a therapeutical application thereof.

ADVANTAGEOUS EFFECTS

Umbilical cord blood derived mesenchymal stem cells (UCB-MSCs) in the
composition according to the present invention has a selective tropism for cells that

20 express |L-8 or GRO-a and thus induce the tropism of UCB-MSCs or brain tumor cells.
The tropism capability of the UCB-MSCs is better than that of other stem cells and thus,
therapeutical genes or a product thereof can be more effectively delivered than when
other conventional stem cells are used. Accordingly, a pharmaceutical composition or

a kit comprising UCB-MSCs according to the present invention can be used to diagnose,

25  prevent, and treat diseases related to cells expressing interleukin(iL)-8 or GRO-a or

brain tumors.

MODE OF INVENTIONS
The inventors of the present invention have studied stem cells having an effective
30  tropism for tumors, and surprisingly found that umbilical cord blood-derived
mesenchymal stem cells (UCB-MSCs) have a strong tropism for brain tumors,
specifically a stronger tropism for brain tumors than bone marrow-derived mesenchymal
stem cells (BM-MSCs), which has never been known before. Also, the inventors found

that interleukin (IL)-8 or GRO-a relates to the tropism of UCB-MSCs.
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ADVANTAGEOUS EFFECTS Umbilical cord blood derived mesenchymal stem cells (UCB-MSCs)
in the composition according to the present invention has a selective tropism for cells that 20 express
1L-8 or GR®Q W9/ Induce the tropism of UCB-MSCs or brain tumor cE/iKR20f&MIsPR6capability
of the UCB-MSCs is better than that of other stem cells and thus, therapeutical genes or a product
thereof can be more effectively delivered than when other conventional stem cells are used.
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cells IBMIMSE4 T whimranE haorhoeks RHEMADBIERY  miisas fikwhiaet (NI meariticin (1L)-8
or GRO-a:klata<chl iifsterrB s NEB 1M SGEn g/ ¥anélP 2KIPRKY AREhTAK REABANP AR er cdhteer

inventors co-cultured UCB-MSCs and representative tumor cell lines to identify characteristics of the

tropism ofeJCBS/A8ER a8 PLGIRRES warecoytHEYEER NG transwed chashirilg meastfgsarbilityd one
selected GPUERMEBCY AN NEWFSSHIINERBURUAS IR UMB-MBES. Haldc elrbirg Hrspismitgman

rectal cancer_cell line such as 5 LS-174T; human B lymphocyte such as NC37; mouse's fibroblast
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UCB-MSCs. As a result, it was found that UCB-MSCs have a strong tropism for U-87 MG, LN18,

U138, an8sraasaidaingdPyeusiuingd sy Mk @@ HEe )3 and 4). 1o0UCB-MSCs also had tropism
for a conditionehggdipdhrd slishnSriBabaR WihoMEICRAE 810 CRMEEURRASYOTHBRFRPWIS (MG

(see FIG. 4). Also, the tropism for a brain tumor cell line of UCB-MSCs was compared with that of

BM-MSCSRRMMaGRthnf inseurmntsyseckass agemica sl stem eals:, itdva reanl daasdemscs
have a stfRagBIOBMST X BraistiAYr tRibie® orra BMiNRfafotfd&t line than BM-MSCs (FIG.

15 5). Also, the chemotactic index of UCB-MSCs was largest with respect to the brain
tumor cell line arhong various cancer cell lines (FIG. 6). Such a high chemotactic index
with respect to the brain tumor cell is an additional advantage of UCB-MSCs, in addition
to the fact that UCB-MSCs can be obtained more easily and have more immunological
stability than BM-MSCs, proving that UCB-MSCs are a very suitable medium for gene

20  therapy of a brain tumor because a therapeutical gene can be efficiently transferred to
the inside or neighboring portions of the brain tumor.

The tropism of UCB-MSCs in the transwell chamber may be derived by cytokines
that are derived to be secreted in the co-culture of two cells. Thus, two cells were
co-cultured in a transwell chamber to prepare a medium and then, the medium was

25 analyzed using the cytokine array. As a result, it was identified that high levels of
cytokines, such as IL-8 or GRO-q, were secreted in a medium in which UCB-MSCs and
U87 MG had been co-cultured (see FIG. 7). Accordingly, it is highly likely that these
cytokines may derive a tropism of the UCB-MSCs..

The inventors of the present invention cultured UCB-MSCs alone, cultured U-87

30 MG alone, and co-cultured UCB-MSCs and U-87 MG, and then analyzed IL-8 mRNA
levels of these cells using RT-PCR. As a result, UCB-MSCs did not express IL-8 in
either the presence or absence of U-87 MG cells. However, U-87 MG expressed IL-8
constitutively in both the presence and absence of UCB-MSCs (see FIG. 8). Treatment

of UCB-MSCs with IL-8 significantly enhanced its migration when compared to untreated
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155). Also, the chemotactic index of UCB-MSCs was largest with respect to the brain tumor cell line
among various cancer cell lines (FIG. 6). Such a high chemotactic index with respect to the brain
tumor cell iSY¥A 2WEHAS/A advantage of UCB-MSCs, in addition to the fact tRaT BB EE826an be
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migration, when compared, to untreated W cells (see (A) of FIG.
9). Howevépéh%mm&%vﬁfg-%ﬁ?bmg’mm anti-CXCR1 antibodies that are antibodies

withjespect to an 1th€ eecrRIRIoABHIEEEEWREA thE-cBanRaiRbIILUE Sabisted, Bi-8dns diatedr

migration of UCB-MSC re reduced in a dose-dependent manner hy anti-CXCR1 treatment ((B) of

FIC. 0). SRhARSIRE SRS OO U eRs Wate dioa reswiiarss GHG. Mt SR

enhancednd GiyMSEsomigintiaion T UCBINEEd, isHeveathd WigheMCSs [fouathith '\-X?)G.'ﬂ GA?.trast,

there Werﬁ%o&iiytér;‘iiici%t differences in UCB-MSCs migration in cultures treated with MCP-1 ((D) of
i i

FIG. 9). T o Alpsmeastrediatseerelign frvshin anus gliena ralisaidilissied u-s7 MG

cells.  glioma cell lines which were target cell of UCB-MSC tropism also showed high secretion
15 level of IL-8 ((B) of FIG. 10). This data suggested that UCB-MSCs had a strbng migration
attraction toward IL-8 secreting cells. In order to identify this, IL-8 was artificially
overexpressed in A549 that is a low level of IL-8 expressing human lung cancer cells and
then, A549 overexpressing IL-8 and UCB-MSCs were co-cultured. As a result, it was
fbund that although the UCB-MSCs had a poor migration attraction toward A549,
20 UCB-MSCs had a strong migration attraction toward A549 overexpressing IL-8.
Therefore, IL-8 could be a strong inducer of UCB-MSCs (see FIG. 10C).
The inventors of the present invention compared migration characteristics of
BM-MSCs and UCB-MSCs with respect to U-87 MG cells or IL-8. As a result, it was
found that UCB-MSCs migrate more strongly toward U-87 MG cells or IL-8 than
25 BM-MSCs. UCB-MSCs migration is enhanced dramatically in response to IL-8
treatment, but BM-MSCs migration is weak in response to IL-8 treatment (see FIG. 11).
Expression levels of CXC chemokine receptor 1 (CXCR1) and CXC chemokine
receptor 2 (CXCR2) in UCB-MSCs and BM-MSCs were compared by measuring mRNA
and protein (see FIG. 12). RT-PCR analysis using total RNA isolated from UCB-MSCs
30 and BM-MSCs reveal that the PCR product of both CXCR1 and CXCR2 has a higher
intensity in UCB-MSCs when compared to BM-MSCs.  In regard of protein expression
of CXCR1 and CXCR2, CXCR1 and CXCR2 are highly expressed both in UCB-MSCs
and BM-MSCs. Since IL-8 has a high affinity to CXCR1 and CXCR2, increased



10The co-relationship between the concentration of IL-8 secreted by each cancer cell and UCB-MSCs
migration was measured. As a result, U-87 MG, which migrated the highest concentration of
UCB-MSCsWhalad2#fethighest IL-8 production (FIG. 10A). The inventor aRoriK&38088050263
secretion level in various glioma cells. All tested glioma cell lines which were target cell of UCB-MSC

tropism al high secretion 15| -8 ((B) of FIG, 10). This data suggested that
ucs-msé&@%ﬁ? [ 9&8?4"3[3;&%3%5?%&&% 'é%rfé’nHé'E%%'. %@@@%ﬁﬂemﬁ& this, IL-8
was artificMg Riesagp@eS®/RIn A549 that is a low level of IL-8 expressing human lung cancer cells

and then, A549 qyerexpressin -8 and UCB-MSCs were_co-cultured. As a result, it was found that
although the UCB" 5?1?8 g’;tlﬂ?ﬁ RIRFERLINYE '%R%WQG&QQQ%W%@@QH%@@W

migration gétreatdirigvgnee MBdOreseenx prseing GFP) TitereioB:MIS6 s.oulishe re SilenovadUeringl
UCB-MSGCs (s 1G. 10C). The inventors pof the present invention compared migration
charffcte:ﬁswt?ﬁséﬁ‘%mgﬁléﬁgscgﬁ%f L gﬁﬁ"ﬁé@&??&@-ﬁeﬁ léeﬂé%r i8/8o it Was fomnd was
found thatM@B@BSMS@&gm:wengres@imm @evwl ¢odiag MsmaiboqndueSatm{)p%ﬁﬁMMme |
UCB-MSCs migratign, is ephanced dramatically j se to IL-8 treatment, but BM-MSCs migration
is weak i ?S&E)@sg%i'lbg Y&fﬁ%ﬂ%(%@*%gwﬁﬂgﬁ&yﬁwmﬁﬁgﬁ e RERRSIRIeRE e ptor
1 (CXCRI3 mtrbdudedambkinRiretante £ Eels Belréting-B-B!8CsRaABM-MSCs were compared by
measuring mMRNA and protein (see FIG. 12). RT-PCR analysis using total RNA isolated from

UCB-MSCs 30 and BM-MSCs reveal that the PCR product of both CXCR1 and CXCR2 has a higher
intensity in UCBBASES ovhitie cesiperdddorBMbi, thecoiriskplt RN RERASIO A b4 and

CXCR2, C?%SRlngd CXCR2 are g%t}m ix%ress%\?é)oth in UCB-MSCs and BM-MSCs. Since IL-8 has
a high afffi ABSESIAIRNE PE RDPANEHNR RPN BRI IR BIPE THiRY0TEIEhE I6USB-MSCs
migrationUGEMSCE7 MBenagdentirrémtipnraiidaistexpessenECE eRianmE ¥ CR2. The
inventorst ne coding green

%t@\egrfzse t invention ?rformeian experiment of introducing a ge
fluorescent prorin (G WS%&E@IQ@@S %@%&ﬁﬂ%‘%’%‘?&@iﬂrﬂﬁﬁf@%ﬁ%agrs"{ue&%ggﬁiIIy
introducetharebéipeesetidiatexpiestds M oit GROfaLMeR B BoliSfh P VRTBXMSEHNG fhregene

ding GEP alsq have a tropism for US7 M FIG. 14). Such results show that UCB-MSCs t
hioh = GRS TR ASF T SR BAL S e el Ah G EP i) Col RBRRtHaTL Hth e

oBased dottipecresniisglestriatio g boxie, tinegrs send mvesdintereaiethisuomsdindurhbr) s a
ivention DI TURAES vo e Hrar BoRN AR SIS I ARSI Aok BrAAg o
therapeutbicairotumeanieco gerumitoringriduptogesesion of trlifhirasptesatadhtBad @RRghasmgrives
tropism 0%%%%%§8Fa'im&mor or monitoring method of the progression of brain tumor treatment,

20 using UCB-MSCs.

Specifically, the present inventive concept relates to:

[1] a pharmaceutical composition for preventing or treating brain tumors, wherein
the pharmaceutical composition comprises a UCB-MSC;

[2] a pharmaceutical composition for preventing or treating brain tumors, wherein

25  the pharmaceutical composition comprises a UCB-MSC, wherein the UCB-MSC
functions as a carrier for gene therapy for brain tumors;

[3] a pharmaceutical composition for preventing or treating brain tumors, wherein
the pharmaceutical composition comprises a UCB-MSC, wherein an anti-tumor gene is
introduced to the UCB-MSC;

30 [4] a pharmaceutical composition for preventing or treating brain tumors, wherein
the pharmaceutical composition comprises a UCB-MSC, wherein an anti-tumor gene is
introduced to the UCB-MSC, wherein the anti-tumor gene is selected from a tumor
suppressor gene, an apoptosis-inducing factor gene, a cell cycle regulatory gene, and an
angiogenesis inhibitor gene;



15present invention also relates to a therapeutical pharmaceutical composition, a kit, a use for
preventing or treating brain tumors, and a treatment method of brain tumors, using UCB-MSCs. The
present invelBKI888sEates to a composition, a kit for diagnosing brain tuR{FBR¢PBMEIANg the
progression of brain tumor treatment and a diagnosing method of brain tumor or monitoring method of

h i braip t treat t, 20 using. UCB-MSCs. Specifically, the present inyentive
concept relates 1318 DR EGRATRAL GO AP SERER VR o e OB A hEhars et
Pl rtneda i mk?m t oy in 25 th whheréﬂlh@n i IIcomﬂggi‘gi(z\)ri1s
ition f rain tumors, wherein e pharmaceytica

comprse TS G QAR RS T RS Bet B ElRitng e )b hrain
T Sl A S ks ) -
pharmaceutical compositian.comprises - _ -
UCe M ENgas A5 ROk B ne, WBSTHB S (MR cS R BR SRL AR TROTEN R RSEIRLIAM he
- i iy b iy plpie il el

- wherein the anti- ene is selegte , )
apoptosis-indoeing B ?jeﬁwggl?&%@ r%@é%‘fSﬂﬁﬁéké gﬁﬂeaﬂpeﬁ)ﬁ%&%g%qm&?o?@éﬁ'@: WO
2009/0288 gePe BMRABHS/NaTRE of infibiaiufiuscegioatboNBsioa funererenivial 4 gated
oo is 1 L O N SRR R ARRR ISR PIOTFT GRIAT s BeB SV RPHIZ ARRTCalprecsor
geney ar;] iapa‘tpitos}s,druienir@uimmragmwgeaewbﬁtq)wieelmgt ua@ora‘tm@rmth e@eobanﬁssa_r;?inoggpgsise rI}r:a h:)t;itor

, in the,tumpr suppressor gene m e selected from the grqup consisting 3
O oehatass g I B B COp S AEIoF RISKEID o Ee B RIRA WETATS, oY RSHBUL -1,
2 Gene of S Brane of X CThoT0sng Inter HIPGL SDOLIONS o, A T et
a gene of survjvin e ospme linked inpipitor apoptosis ,
apgoptosis"? |#H%?§F§%Egtg§%§ﬁ%] 'éeéﬂrég%f]BFB&‘HQWESE%@agkggﬁdg%ﬂ@s, tumps) o
pharmacsuppaessorgesigoaficaguptesisigducirgpfingorgans mets| wyetsesygliatohpgeacesiieain

COMROSItioN COMPrisSes.a B-MSC, wherein an anti-tumar gene is in r%g#ced to the UCB-MSC,
whrgrgeint & '%%?t%err?(')sr [crj]gr'léi %r&ﬁggte\ﬁr}%ﬁ{na n?grogﬁ%%ﬁé Cdf&é? ra?)%’b"t‘dg\gyi cing factor

gene, a cetleytsd fegultiiergrpepecansisting of a gene of cytokine, a gene of interleukin, a gene of
a tumor necrosis factor (TNF), a gene of interferon(INF-a, INF-8, INF-y), a gene of a
“colony stimulating factor (CSFs), a gene of p53, a gene of Apaf-1, a gene of TRAIL, a
gene of Caspase, a gene of Bax, a gene of Bad, a gene of FADD, a gene of JNK, a gene

20  of p38 kinase, and genes of proteins regulating these genes;

[7] a pharmaceutical composition for preventing or treating brain tumors, wherein
the pharmaceutical composition comprises a UCB-MSC, wherein an anti-tumor gene is
introduced to the UCB-MSC, wherein the anti-tumor gene is selected from a tumor
suppressor gene, an apoptosis-inducing factor gene, a cell cycle regulatory gene, and an

25 angiogenesis inhibitor gene, wherein the cell cycle regulatory gene may be selected from
the group consisting of a gene of cdc2, a gene of Cyclin(Cyclin A, Cyclin D, Cyclin E), a
gene of cdc25C, a gene of p21WAF, a gene of p16INK4, a gene of CDK(CDK1, CDK2,
CDK4, CDK®), a gene of Rb protein, a gene of E2F, an antisense or SiRNA thereof, and
genes of proteins regulating these genes;

30 [8] a pharmaceutical composition for preventing or treating brain tumors, wherein
the pharmaceutical composition comprises a UCB-MSC, wherein an anti-tumor gene is
introduced to the UCB-MSC, wherein the anti-tumor gene is selected from a tumor
suppressor gene, an apoptosis-inducing factor gene, a cell cycle regulatory gene, and an

angiogenesis inhibitor gene, wherein the angiogenesis inhibitor gene may be selected
9



15angiogenesis inhibitor gene, wherein the apoptosis-inducing factor gene may be selected from the

group consisting of a gene of cytokine, a gene of interleukin, a gene of a tumor necrosis factor (TNF),
a gene of inEFEPIHINETY, INF-8, INF-y), a gene of a colony stimulating fadtél (ERA08§/04enhe of p53,
a gene of Apaf-1, a gene of TRAIL, a gene of Caspase, a gene of Bax, a gene of Bad, a gene of

FADD, f INK, 0Oof p38 ki ,.and f protei lating, th ; [7]
. pharm TR SESHESTOR 0 LASRIG O DGR AN o R ORR R ST G
cComposivpHeAsKMiITes §dne BNMSKstathegigete ditvdgtadh 08 ke ol asktirechtgéhe bXEB-MSC,

wherein the anti-tumor gene.is selected from a tumor syppressor gene, an apqptosis-inducing factor
Geno. o CBPEYIA5 SBGOMIEHS GLRBI RTURGSs 8 AT Gh RS PR AIP IR & AMEIBRCHBSc AR

fgglathqyg)g%:ﬁml_ Emggtﬁﬁfmgq?bfggrzgggewﬁw @ﬁgﬁg@mgmﬁ;gene 0}‘ cdglzma< fene of Cy;:lin(CycIin
, clin D, Cyclin agene olC , aqgene P -, agene oy p ,agene o .
CDRCDKL, CORD BhATASERISALoOTRASIND [F AN EP I LTSGR CUmG S iR
thereof, gn¢l Sieaeafcudainsorapoition doessrigeses UDBMBID avmareah iCptsaiig eaHoarting

preventing or treating hrajn tumors, wherei gg &% maceutical composition comprises a UCB-MSC,
wherein ﬁ%z‘:’(ﬁﬂ?t% ¥ g%mf%g]%%%ﬁfbgaﬁg MYEeBMSC, wherein the anti-tumor gene is selected

from a tumor synplesphagRaeeaticabepinpssitidHItiprRVENtIRN6r Besling/blaifetlinfiesyvieeiand an -

angiogenesis inhibitor gene, wherein the angiogenesis jnhihitar gene may be selected WO, -
2000105805 DBCTTRABILCETROHU (O URDSES B i SFa BOREFY! FRSAASSHEARARIANG gene
of epdos¢rnyrMcIgerRsoitiTiodiited taahe UCBINS) whersia tHe prtalingaornermmgashizymaene of a
vascular endothelial growth inhibitor, a gene of maspin ene of angiopoietins, a gene of 16-kd
prolactingr?:ﬂ‘ﬁﬁ%ﬁ@ﬁgtfg Hgﬂbqyf%ﬁa&gﬁ@"ﬁ‘ﬁ%“[@]%‘giéﬁﬁg éuﬂﬁﬁ%composition for preventing or

treating brain tymrs, pragredtditicaIoRasEsItionl for PRAGHENE OMRSERTIFLEEIBMTFs \WiRsdha
Compostli RGP TR AL FRRRR BP SRTIRHETS AHSIBVIRG PHARTEBAT EANBBRR S BIRNA
compr_iseﬁf a g@%k@%mmmwmgmmﬁngdmemmegqms&intrqduced to the UCB-MSC,
(1115 pharmack ALAFU BB SR GI A EoNlIng SPt R M CORFET N RS Butioar
compositie planpriggsiticd CidisuSitivherempis e isg CB MSSRMfe afin geamtiskied tr SiIRNIN
tumor isé téoggﬁgdretPaEQS tch)% _pglsnct;umor is introduced to the UCB-MSC, wherein the gene
related to a brain tumor may be selected from the group consisting of a gene of Ras
family, a gene of c-myc, a gene of abl, a gene of erbB-1, a gene of EGF-R, a gene of Bax,
20 agene of Apaf-1 interacting protein (APIP), a gene of Wnt-1-induced secreted protein 1
(WISP-1), a gene of Wnt, a gene of Raf-1, a gene of Src, a gene of Akt, a gene of Erk-1,2
and a gene of BclL-2;
[13] a pharmaceutical composition for preventing or treating brain tumors, wherein
the pharmaceutical composition comprises a UCB-MSC, wherein an oncolytic virus is
25 introduced to the UCB-MSC; |
[14] a pharmaceutical composition for preventing or treating brain tumors, wherein
the pharmaceutical composition comprises a UCB-MSC, wherein an oncolytic virus is
introduced to the UCB-MSC, wherein the oncolytic virus is selected from Herpes simplex
virus and Reovirus type 3;
30 [15] any one of the pharmaceutical compositions for preventing or treating brain
tumors described above, wherein the brain tumor is selected from the group consisting
of Astrocytoma, Pilocytic astrocytoma, Low-grade Astrocytoma, Anaplastic Astrocytoma,
Glioblastoma Multiforme, Brain Stem Glioma, Ependymoma, Subependymoma,

Ganglioneuroma, Mixed Glioma, Oligodendroglioma, Optic Nerve Glioma, Acoustic
10



15[12] a pharmaceutical composition for preventing or treating brain tumors, wherein the
pharmaceutical composition comprises a UCB-MSC, wherein an antisense or SiRNA of a gene related
to a brain tu¥@2#894988tT0ced to the UCB-MSC, wherein the gene related tP&BFRANIAG0A¢%ay be
selected from the group consisting of a gene of Ras family, a gene of c-myc, a gene of abl, a gene of
erbB-1, a gene of EGF-R, a gene of Bax, 20 a gene of Apaf-1 interacting protein (APIP), a gene of

Wnt-1-indyegebaesr €Sae asHAIN GNY ISphore T hi¥Ha Ry Bgive R, RRindamgasastbdi, a gene of

Akt, a gene of Erk-1,2 and a gene of BcL-2; [13] a pharmaceutical composition for preventing or

treating bM@SHIRRIRSIAME, B9ARI e dIUBRIB o BivARs hpmts. FUMBINESC, wherein an
oncolytic Medffde&ddetodtIerrord) RSP Fumors| 19t BwiiniBIAa S uleas CREWFBRshiatdyisyenting

or treatin%brain tumors, wherein the pharmaceutical composition comprises a UCB-MSC, wherein an

oncolytic SEYGoIHmRT eteRsiRRUEDRIRUs SHeresisine oncolytic virus is selected from Herpes
simplex virus anpl Rlepeorspysitich fFSH R gHvsPREAIReUPRErSGCRISIHIB MegRIasiarmder preventing

or treating brain tumors described above, wherein the brain tumor is selected from the group
consistin3@?%%’09@9{&3?%9@{5%&%&%?9&?Q%VJS%@@IAgﬁﬁ&B%M%gbIastic Astrocytoma,

Glioblastoma Myitfpemsnisakitiote foriagib s bl Qilitors W eRenty My tralhanaieneuroma,
Mixed Glioma, Oli odendroglioma Optic Nerve Glioma, Ac%rgséic WQO

2009/028898RSFRISBRS BB NNRIEINIHE COMBRRIIRD PRUIES AMGRME L RIEN IR M,

HemangiQdasiea, i eiidiedladtaraal dvsnugeomarkaineal Tumors, Pituitary Tumors, Primitive
Neuroectoderm&bﬁénors, Rhabdoi{i Tumors, Schwannoma, Cysts, Neurofiboromatosis, Pseudotumor
CeréBri and Tu QAP GSIUOB 1] HRRRS BRI AR S Y PR A RSy itoring brain

tumor tregigagmicpogiegriesionhalednditetce BeRRBeniviciHORR es\ O BIBIIS (3, Aaareinhgition for
diagnosir;ﬁ brain tumors or monitoring, brain tumor treatmentprﬁglr}g%ss'%% wherein the composition

includes £GEBMMSES [Bheleh Wi 8 O8iRFRSIR MBHIEL WhE'S RNABAEFa
compositiggidetediFesrasingferakelebermndnaniariecbedn HBAscent detector and Tat

peptide-derivatized magnetic nanoparticles;

15 [19] any one of the compositions for diagnosing brain tumors or monitoring brain
tumor treatment progression, wherein the brain tumor is selected from the group
consisting of Astrocytoma, Pilocytic astrocytoma, Low-grade Astrocytoma, Anaplastic
Astrocytoma, Glioblastoma Multiforme, Brain Stem Glioma, Ependymoma,
Subependymoma, Ganglioneuroma, Mixed Glioma, Oligodendroglioma, Optic Nerve

20  Glioma, Acoustic Neuroma, Chordoma, CNS Lymphoma, Craniopharyngioma,
Hemangioblastoma, Medulloblastoma, Meningioma, Pineal Tumors, Pituitary Tumors,
Primitive Neuroectodermal Tumors, Rhabdoid Tumors, Schwannoma, Cysts,
Neurofibromatosis, Pseudotumor Cerebri, and Tuberous Sclerosis;

[20] a kit for treating brain tumors, including: an expression vector having a
25  prodrug converting enzyme gene; an UCB-MSC; and an prodrug of anticancer drug;
[21] a kit for treating brain tumors, including: an expression vector having a
prodrug converting enzyme gene; an UCB-MSC; and an prodrug of anticancer drug,
wherein the prodrug converting enzyme gene is selected from a cytosine deaminase
gene and a CYP2B1 gene;

30 [22] a kit for treating brain tumors, including: an expression vector having a
prodrug converting enzyme gene; an UCB-MSC; and an prodrug of anticancer drug,
wherein the prodrug converting enzyme gene is selected from a cytosine deaminase
gene and a CYP2B1 gene, wherein the UCB-MSC is transfected with the expression

vector having a prodrug converting enzyme gene;
11



treatment progression, wherein the composition includes a UCB-MSC, wherein the UCB-MSC is
labeled with a detectable marker, wherein the detectable marker is selected from luciferase-containing
enzyme-bad¥ AUt detector and Tat peptide-derivatized magnetic nBOHHFREIEG0IBF 9] any
one of the compositions for diagnosing brain tumors or monitoring brain tumor treatment progression,
wherein the brain tumor is selected from the group consisting of Astrocytoma, Pilocytic astrocytoma,
Low-grade Astrgegioang. dheapiartcisitesyased, sbsveasieraiMitibrain, tBmeon iStsaeCléahfrom

Epend . Subepend I . Mixed Glioma, Oligodendogli tic Nerve 20
o, ABBGLRRERRSIFLINE AL/ RIS SIRGHOR e Eo g B b R A BB stoma.
gﬁdﬁgo%m?mmﬁmm ,éii?waastmﬁa ?Mtﬁm@ammm %témit'mmmm@@ndwmmahéiumors,
abdoi mors, Schwanngma, Cysts, Neurpfibromatosis, P tumor Cerebrj, and Tub
Sclerosis?’ugepenﬁm‘ﬁrmfég?mﬂ BFngUMB%%Mﬁg@%%&%%W%%M l&'ng\h-{%va%rzo; )
prodrig g@numammzsmtlnegmmem Oriddne; emﬁtwmpﬂam(;@ampmwygma, [21] a kit for
treatin in tumors, including: an expression vector. havin ro ing. X
UOBMSSE RGP BIBRNR B AR SR HEOTE fr o SO LA Jse.
jseliacotlged mmiawmemma@?m geﬂmmédzaéb\demm; IRwhandniar, 03atsg brain tumors,
including:, an expression vectqr haying a pradrug converting enz ne; an UCB-MSC; and
prodrugg ngfi%{(?é’P?FRﬁj,s\/3%%?8%orlﬁ@é}o%?ﬁa%&ﬂoé[ﬁ?%rﬁ eg@?%g%ll’éaselected from chyf(l)nsine
deaminhase genqmdcbgéﬁ@thaﬂawrmmﬂmmmf@r (e RefdBingsatthesipaaticalthahe expression
vector haying a prodrug, converting enzyme gene; WO 2009/028370PCT/K /00502 . [23
M 1 R T e R T PO e T
Astrocytothia,dellasyie asé® tlyid roa QI RY-g ranie iAduiceytropismrafitles ttOB M8 ioma, Glioblastonna

Multifornne, Brajn Stem Glioma, Ependymoma, Subependymoma, Ganglioneuroma, Mixed Glioma,
Oligodendrogliom ,6&?@&@%@%%%%,0%%@8 f(?aen ‘?ﬁﬁ‘%%&a g'u g?\?gq_%/r}%p%roprﬁ%, ue
Craniophghgrgidiioea delnarigiodila thenge ni doedbghyasimpesitiemingladea, PUGBHVISGoshBYaiitary
Tumors, Primitive Neuroect mal Juors, Rhahdoid Tumaors, W StsS, .
Neurofibr%ﬁﬁﬁs@f%ﬁﬁ%ﬁg' o?rc%%@'r?aﬁ@ﬂ %?835@8'3?359@?“6 ﬂ%ﬂ%ggﬂ’b %ﬁee'rnagg/e
compositid® BMSQ Starctigneas arspridickiragreedherapyict la thereof to a cell, wherein the gene
therapy compos@'&] includeﬁqa UCB-MSC, wherein éhe C?” expresses IL-8tor RO-a and ir&du?es
dgene (T?e?yac&ﬂ%qﬁ\é%bi% ransfering.a Eera eutica agﬁ_l%eraod Lo

tropism of the U positiorPfor transterring tlcaﬂcgene or
product thirezebfdmaced|lyhkeeainttbeggard ikeaayycconppsdition ictiddssca LSEBANEST witszedinthe cell

expresseg IL-8 pr GRO-a and igdu opism,of the UCB-MS ere CB-MS nction as
a carrier g%‘?ﬁe%%’r%%%ﬁsqﬂ'?z%ﬁ%@ﬁé) ﬁpedré% 4 C&S’ &%ﬁ Pﬁ@reaﬁjs@e%mgtwgr%éﬁt%{al gene or
product tharkddtoca gehevid éntrivdilneedendhiibdodil-MBahosition includes a UCB-MSC, wherein the cell

B o A R A P Rl
or producthereof to a cell, wherein the gene therapy composition includes a UCB-MSC, wherein
the cell expresses IL-8 or GRO-a and induces a tropism of the UCB-MSC, wherein an
anti-tumor gene is introduced to the UCB-MSC, wherein the anti-tumor gene is selected
from the group consisting of a tumor suppressor gene, an apoptosis-inducing factor gene,
25  a cell cycle regulatory gene, and an angiogenesis inhibitor gene;

[28] a gene-treating composition for transferring a therapeutical gene or product
thereof to a cell, wherein the gene therapy composition includes a UCB-MSC, wherein
the cell expresses IL-8 or GRO-a and induces a tropism of the UCB-MSC, wherein an
anti-tumor gene is introduced to the UCB-MSC, wherein the anti-tumor gene is selected

30 from the group consisting of a tumor suppressor gene, an apoptosis-inducing factor gene,
a cell cycle regulatory gene, and an angiogenesis inhibitor gene, wherein the tumor
suppressor gene may be selected from the group consisting of a gene of phosphatase
and tensin homolog (PTEN), a gene of Maspin, a gene of RUNX3, a gene of Caveolin-1,

a gene of nm23, a gene of Rb protein, a gene of Brush-1, a gene of inhibitor of tumor
12



thereof to a cell, wherein the gene therapy composition includes a UCB-MSC, wherein the cell
expresses IL-8 or GRO-a and induces a tropism of the UCB-MSC, wherein an anti-tumor gene is
introduced W th¥WOBKIEC, wherein the anti-tumor gene is selected from PETGRRIPIBHAZIGNg of a
tumor suppressor gene, an apoptosis-inducing factor gene, 25a cell cycle regulatory gene, and an
angiogenesis inhibitor gene; [28] a gene-treating composition for transferring a therapeutical gene

or IIIOFOdUCQr“bﬁ[ﬁf{%ﬁ@é}ﬁ%@éﬁé?ﬂ%bﬁ/ﬂﬁﬂ%tb@mwf?o?m@ﬁéﬁm@gMdRé@iMﬂlﬁtM%@op&b@t@in the
cell expresses, IL-8 or -a and_induces a tropism, of the UCB-M ein an anti-tumor gene is
introduceB" RIS (SPEME 80 SFIRUFR 2RARIARIS BRINIRLY:RIQLEYY M?rsn ﬂ@gq%ﬂﬁscéﬂsisting of a

tumor sURPKSREY BYJItatigahestgsniestucing factor gene, a cell cycle regulatory gene, and an

ngi is inhibi . Wherein the tum b lected f th
consisting of 2 ol SEERG-FReATARENER 16 BTG PE Ry HE TR UPRI 601 o BESRLSH
Rhﬂg%& umeefctb@mplw?b,rei@m @é/mmh%,rapgedftﬂm/ d3itiprotesiucegent) CBEMSEC; whegeine of
inhibitor of tumgr WO 2009/028870 KR2QQ8/005026 growth (ING-4 f ivin, f
X chrom B RIS b 50RO AR TEURES S BRI Phit  SGoRISGls VIRERENS Brotein
(NAIFf’), QQdtG&nﬁGrC@@ﬁeti?'ﬁﬁtfeéulﬁwﬂatﬂ@@h@@wfsC, w[ﬁﬁ%ﬁ;} gﬁe@menamogm@h i§aelected
transferring a therapeutica or product 5 thereof to a cell, wherein the gene ther mposition
includes SO ACURFEROTIAG CoF CATOLSHENTSBEH St ER AP TRICE Be B GBI gene.
UCIB-Mde@,o&hﬁmireaa@ﬂa’twmgéefnaria inradygsybiretie ibkiBitbtSfenehwrareihatmti-tumor gene is
selected from the.gro onsjsting of a tumor suppres toSis-I ing fact ,
cell cle TB3RIT BEHETE AT SRS BRUHE RRIESPGLT WRGANRRO SULRALR FRREerlg
factor gengtoldydcasgdeeied fintendkioreugerensistingndargonesid fyttdin@NEpengeariensérieukin, a

ene of a tymor ne is f r (TNE) ene of interf INE-a, INF-13, INF- f I
ctmeian ERESPCONES: I ake D, S0ER O ey syl e o R AaRISeE o
gene of Be&3 paogeecod BaphafigengariddfORAllgengaicl BKC aspaise o paddiobBaxpadygaseasf of
proteins 15regulating th nes; 0 ne ther ition for t ferri th tical
Gonc or pHASA BRITBSY AL & 0R0ke ol AR e D S ARSI IEHES & GRS C, wherein
the ¢ell expireatisglth@es Gét@sa and induces tropism of the UCB-MSC, wherein an anti-tumor gene is
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tumor suppress a géne,'and a
antiogenehisredfibitar geh eviveneireithéhgerw | thechprecotaparsitiem i chagescase B BtddS o mvtiergjroup
consisting, of a gene of cdc2, a gen clin lin A, Cyclin D, Cycli : e of cdc?25C, a gene
o p2rWALS SOLREPSTEnlcE B gRRed etk BRI aoRlE LR S SRR o, =
gene of 2afizkuranragdisens introd ik d tinéne il CBMBO cwloé ot éhesaetiiilatiop dbasdyselested  [31]
a gene therapy,composition for transferfing a therapeutical gene or product thereof to a cell, wherein
the dbne TRUTLIF SRR SRARTNR SL8 LISk SRSt RE ATt e AP aRissnCoag cioe
induces aaticylisyctd teg UIatBrMVGEDebrdcan amtiodeness ipbitstor igene uwbe reinhtbeJCH-bySle,
wherein the ant'&-tumorr%ene IS seleclteq -

regulatory gene may be selected from the group consisting of a gene of cdc2, a gene of

Cyclin(Cyclin A, Cyclin D, Cyclin E), a gene of cdc25C, a gene of p21WAF, a gene of

p16INK4, a gene of CDK(CDK1, CDK2, CDK4, CDKB8), a gene of Rb protein, a gene of

25  E2F, an antisense or SiRNA thereof, and genes of proteins regulating these genes;

[31] a gene therapy composition for transferring a therapeutical gene or product
thereof to a cell, wherein the gene therapy composition includes a UCB-MSC, wherein
the cell expresses IL-8 or GRO-a and induces a tropism of the UCB-MSC, wherein an
anti-tumor gene is introduced to the UCB-MSC, wherein the anti-tumor gene is selected

30 from the group consisting of a tumor suppressor gene, an apoptosis-inducing factor gene,
a cell cycle regulatory gene, and an antiogenesis inhibitor gene, wherein the
angiogenesis inhibitor gene may be selected from the group consisting of a gene of
thrombospondin-1, a gene of endostatin, a gene of tumstatin, a gene of canstatin, a gene

of vastatin, a gene of restin, a gene of a vascular endothelial growth inhibitor, a gene of
13



30from the group consisting of a tumor suppressor gene, an apoptosis-inducing factor gene, a cell
cycle regulatory gene, and an antiogenesis inhibitor gene, wherein the angiogenesis inhibitor gene
may be sele¥@AMYMIIRE® group consisting of a gene of thrombospondin-1, BCJERB209%MIE2¢atin, a
gene of tumstatin, a gene of canstatin, a gene of vastatin, a gene of restin, a gene of a vascular
endothelial growth inhibitor, a gene of WO 2009/028870PCT/KR2008/005026 maspin, a gene of

angiopoiefiizsping eNgedlel6F kth gispaidimEagrgent endeigepmrictindeagpedin, and d3dreadne
therapy com ositioH_ for transferring a therapeutical gene or product thereof to a cell, wherein the gene
therapy cSHPYSHEEN Ihcludes a UCB-MSC, wherein 5 the cell expresses IL-8 or GRO-a and induces a

tropism of the U2 MIfeneireedpp coathusitenertinthefsiying 8 enerdp it erthéodnproduBtMSC;
[33] a gene therapy composition for transferring a therapeutical gene or product thereof to a cell,

wherein tHREGRAEIHRSEY WIRRIBIHA 9S0GIBERRYCIOINRSEIRRLRGIHIRS Bl GRM S et
GR%sa argﬁémauv@spaésh @@b‘miﬁf @h@k@t@Buh l\éﬁd@irvmmraarbﬁiamM@Wtﬂnu;(e,nzéwfmmeﬁle is
introduced to the UCB-MSC, wherein the prodr onverting en ene is selected from the group
consistin906‘?(&}{83‘?98V(f*é?;iﬁﬂﬁao{ge,y B]éang%ﬂ%'%' %ﬁ%gﬁg}e &é%iﬁ% Jene therapy composition for
transferring a th¢g)egentaneeapy pomipasitiorefdriranstdhringerahetapgstivaliyereycprogastion
includes g UCB-MSC, wper in 15 t&le cell eﬁresses IL-8 or %RQ-aﬁnd indr:d[frég zigltgcﬁ)isrﬁ of the
uce-msc&IRatha RSN INE RRIR JPSI 3N SOMIRRMIRNIRGMEr A B MR o REein
lf]CB-l\?SQhe cIeIII [éfﬂmwﬁeILherap%BRmacmikbbmwcagmfffgmm@mqa%&nnmﬁém%ct
thereof to a cell, wherein the gene therapy composijtion jnclyde -MSC, wherein the ce
expriibseBIPS R U T IRE SRR 5 Y BB IS AL Bl ESE A PR OB Ui A
of a genegetaiedity @ fiznoeigéncodurtdded RddCRIMPELpUSIsisting ctgdsinecddanainagwr may

be selected from the nsisting of a gene of Ras family, a gene of c-myc, a gene of abl, a gene
of erbB-lQﬁ@%ﬁQ%@lﬁ'—%,&i 88H8’of Bax, a gene of an Apaf-1 interacting protein (APIP), a gene of

Wnt-1-induced si3¥ptedametitierafy\d&phsiticefe ocbWsiérdrgeadheirReéiticabgencod Sseodugene of
Akt, f 25Erk-1,2.an ene of BcL-2; 36 ne ther ition.for transferrin
A AR X e e e G N T
UCB4VISGhevbeliargressel Hx@res<GRO-@ andiRducesraltiopisrasod thiedlDBIBE, Wb rIF@n

wheren o et Vi iliodiosd 9 e HOR VRS A AU BRI on o

[35] a gene therapy composition for transferring a therapeutical gene or product
thereof to a cell, wherein the gene therapy composition includes a UCB-MSC, wherein
the cell expresses IL-8 or GRO-a and induces a tropism of the UCB-MSC, wherein an

20 antisense or SiRNA of a gene related to a tumor is introduced to the UCB-MSC, wherein
the gene related to a tumor may be selected from the group consisting of a gene of Ras
family, a gene of c-myc, a gene of abl, a gene of erbB-1, a gene of EGF-R, a gene of Bax,
a gene of an Apaf-1 interacting protein (APIP), a gene of Wnt-1-induced secreted protein
1 (WISP-1), a gene of Wnt, a gene of Raf-1, a gene of Src, a gene of Akt, a gene of

25  Erk-1,2 and a gene of BcL-2;

[36] a gene therapy composition for transferring a therapeutical gene or product
thereof to a cell, wherein the gene-treating composition includes a UCB-MSC, wherein
the cell expresses IL-8 or GRO-a and induces a tropism of the UCB-MSC, wherein an
oncolytic virus is introduced to the UCB-MSC;

30 [37] a gene therapy composition for transferring a therapeutical gene or product
thereof to a cell, wherein the gene therapy composition includes a UCB-MSC, wherein
the cell expresses IL-8 or GRO-a and induces a tropism of the UCB-MSC, wherein a
oncolytic virus is introduced to the UCB-MSC, wherein the oncolytic virus is selected -

from the group consisting of Herpes simplex virus and Reovirus type 3;
14



thereof to a cell, wherein the gene therapy composition includes a UCB-MSC, wherein the cell
expresses IL-8 or GRO-a and induces a tropism of the UCB-MSC, wherein a oncolytic virus is
introduced tWh¥WOBKIEC, wherein the oncolytic virus is selected from thBGFEUR2 S 4IEMA¢g of
Herpes simplex virus and Reovirus type 3; WO 2009/028870PCT/KR2008/005026 [38] a
composition for diagnosing a disease occuring in a site including a cell or monitoring treatment

progression of theglisrasMpyERIEH TR IMENRE ANdREHEE DacUfif MICshAERIING SREmERresses
IL-8 or GRO-a and induces a tropism of the UCB-MSC; 5[39] a composition for diagnosing a disease

occurring MeRLRENA dfeatpentRIcaesSI RM e SissR3R prhGreRithe fampasitiordn &ifl the

compositigCBNUSEs @HérdinMTE calheipiadbesCh L& W BRO s brfddh§RESsaarshisatee tha tropism of
the UCB_M%%’Q\?@ rein the UCB-MSC is labeled with a detectable marker; and [40] a composition for
|

diagnosin e occurring in a site including a cell or 10monitoring treatment progression of the

disease, wherein3bpaeompsiidorifeludieg foding AMdiseasbasetuifiag il #xpreehrieding #c6RP-a and
induces a troEjsm of the UCB-MSC, wherein the UCB-MSC is labeled with a detectable marker,

wherein tHROMNRAEATIRAE RIQYTESRN. Ofdle: diseRsey WP esh st osieRdnEudes Baining
enzyme bgeBLINSTe sassvciie e PefitkdRiseeptidesds GREas anadnaiiesnaarspisiesf issiereinafter,

the present invention will be described in detail. In the present specification, the term "umbilical blood"
refers to g&%’@é&'\ WoRran ﬁﬁ%\'ﬁéﬁ'% cSARElRY With & 4Rt ¢ib R ARG mmals including
humans.  In thOpecsenimRsatdicesiotiadwosing suadeies) 606dhingidsditednoRRRAGRY B stem

cell (UCB-MSC)" refers to a MSC that is isolgted from umbilical bjood of mammals, 20preferably
numths, RNEGHATeatme RrpRe SRRl He SR At WhRTORAR-RAPRERACTINERIER fg

disease oydiBoiisCdenrinsimens el erpraweseis ablgRMaamdindnddsereropaéaiatfyhaumans
UCB-MSC, wherein the UCB-MSC is labeled with a detectable marker, wherein the
detectable marker may be selected from the group consisting of a luciferase-containing
enzyme based fluorescent detector and Tat peptide-derivatized magnetic nanoparticles.

15 Hereinafter, the present invention will be described in detail.

In the present specification, the term “umbilical blood” refers to blood taken from
an umbilical vein connecting a placenta to a fetus in all mammals including humans.

In the present specification, the term “umbilical cord blood derived mesenchymal
stem cell (UCB-MSC)” refers to a MSC that is isolated from umbilical blood of mammals,

20  preferably humans, and cultured.

In the present specification, the term “treatment” refers to: preventing disease or
disorder development in an animal, preferably a mammal, and more preferably humans
which are not yet diagnosed with but susceptible to a disease; suppressing disease
progression; and alleviating disease.

25 In the present specification, the term “brain tumor” refers to a malignant or benign
tumor developing in the brain and the spinal cord and all kinds of tumors developing in a
glial cell and a non-glial cell.  In this regard, the brain tumor may be a primary brain
tumor or a secondary brain tumor.

Meanwhile, terms which are not defined in the present specification may have

30  meanings which are conventionally defined in the art.

To isolate a monocyte including a MSC from an UCB, any known method such as
the method disclosed in Korean Registered Patent No. 489248 filed by the applicant of
the present application and registered can be used. For example, the isolating method

may be a ficoll-Hypaque density gradient method, but is not limited thereto. Specifically,
15



which are not yet diagnosed with but susceptible to a disease; suppressing disease progression; and
alleviating disease. 25In the present specification, the term "brain tumor" refers to a malignant or
benign tumd¥der@3ftdgoin the brain and the spinal cord and all kinds of tuRfFSR208$419136n a glial
cell and a non-glial cell.In this regard, the brain tumor may be a primary brain tumor or a secondary
brain tumor. Meanwhile, terms which are not defined in the present specification may have

?Omeanidnsé%wté«bfm@w%mwh%imﬁéa m\géty a?dﬂ@gﬁﬁ@m@ mmﬁntesiegb&ia@d NISC
rom an ny known met uch ast etho closed in Korean Registe Paten
460248 (RGNS IHE AN T Ay HRBUS TRSHRRLIR AL B B b (e T BRaeHS, e
isolating rsenmwye%@mmwwa@mwnﬁw@mmmmd Dheisgzoltanttatb fuwge can

Specifically, WO 2009/02 87OPCT/KR200 005026 UCB taken from an umbilica] vein after delivery
ana beforRA GHYHRET L S AN L SH GRS AL BTG RE A (M GHRaR0d O

monacyteijaad then the monocyte is Washed several tlmes to remove impurities therefrom. The
resultant monocyte can be directly used for i 'on re,of MSCs, or cryo pre for a long
period of 5time. épMélé ¢an be |§ at%&fﬁ%mﬁ 3 {'ﬂﬁ%ﬁ ‘d%'l’l’r% %?13!/ 'E‘h% %9%%% Pittinger
MF et al. Bittirrere, MB4etl4i3-Scidhe, 284 LB s BIMemadi Basz&HMmﬂaﬁ@oAmMéﬁ*aﬁb? -64,
1995), such as am d e orean Publica ten No.,2003-0069 10First. the
solated UCH MR 18008 A 19 I50aminD, 8 P ONE L e Gl A8 S A R R et
including Hde2088400@8¢ &Il and a MSC, and then, the monocyte is washed several times to remove
|mpur|t|es theref are seeded in a rlate onc ntration in a culture dish to
aroucets i (ot SEaT O R L BB G LTS aRel M orto S OTTR & 5 GER GV BU R RIS e e I
the 15phasesepattastiessaesinihatieg a tuaptedciels Itnewagdidnmmumpmﬁe

monocyte is washed several times to remove impurities therefrom. Then, monocytes

are seeded in an appropriate concentration in a culture dish to grow cells in a form of a
single layer. These cells were identified with a phase-contrast microscope. In the

15 phase-contrast microscopic image, a colony of cells having a homogeneous spindle
shape are MSCs. Then, when cells are cultured and grow, cells are sub-cultured and
then multiplied until the number of the cells reaches a desired number.

UCB-MSCs included in the composition according to the present inventon can be
cryopreserved using known methods (see Campos et al., Cryobiology 35:921-924, 1995).

20 A medium for the cryoporeserving process may include 10~20% fetal bovine serum
(FBS) and 10% dimethylsulfoxide (DMSQ). The cells are suspended in the medium
until the concentration of cells is about 1x10° to 5x10° cells per 1 mL of medium.

The cell suspension is divided and each part is loaded onto a glass or plastic
ample for cryopreservation, and then, the sample is sealed and loaded into a

25  temperature-controlled programed freezer. Cells may be frozen using a freezing
program providing a temperature change of -1 C/minute so that damage to cells can be
reduced when frozen cells are thawed. When the temperature of the sample reaches
-90°C or lower, the sample is moved to a liquid nitrogen storage tank having a
temperature of -150C or lower.

30 When the frozen cells are thawed, the sample is quickly moved from the liquid
nitrogen storage tank to a water bath having a controlled temperature of 37°C. The
thawed content in the ample is immediately moved to a culture dish containing a culture
medium in a stabilized condition.

16



shape are MSCs. Then, when cells are cultured and grow, cells are sub-cultured and then multiplied
until the number of the cells reaches a desired number. UCB-MSCs included in the composition
according toMASUEWETInventon can be cryopreserved using known meth86d/EBASANH3S et al.,
Cryobiology 35:921-924, 1995). 20 A medium for the cryoporeserving process may include 10-20%
fetal bovine serum (FBS) and 10% dimethylsulfoxide (DMSO). The cells are suspended in the medium

until the concentraidandingedhe greséa kit itidk 19 ecotisgaicdinmm ddneslatng andkrikaling a
suspensign is.divided and each part is loaded onfo.a glass or.plastic a for cryopreseryation, and
then, theﬁ @%%&a?eﬁ%ﬁﬂ"ﬁggéa?ﬁwg EgﬂeEmBﬁ%tiéi’c@n@%eﬂ%%ramfe%/ef%gz%q! ¥&ils may
be frozenmettigra fremziig avpeelhcoltovelingdidenbatiducerniemtignally- Leéuimithesarthat damage to
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"00C or I HIES 2 PR ST R HHGE PN TR HERiAg M) PR G 1 50C or
lowers 30WAvENIS dizen, ceNcAeyth A etethensparpéagiasibalamnedilifrpra ClaRYuedlnpgen

t tank t ter bath having. trolled t t f 37C. The thawed ¢ontent.in th I
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2009/028B MKt RAARIRVBNIDOM), a\tdebdivigzty Lhtsprasdinhinvenatia R R\ LIEe 40 mwedilum for

isolating and culturi MSC,may, be a cel culture medju ining,.10% to 30% of FBS. The cell

ire ERL AT e sl St B s b e TR D e B0 the

cell culturmayeiiéisuspelndedoNtizlYitheecine ainaticrivb fredisiis, b bt -54210° toe2hiuid? eelitcp@ys 5A

medium,;ﬁq?egfqe%s basal medium, a CMRL medium, a Glasgow minimum nessarily medium, a
-12'mediu

(Harlnqs) nr?f'ai\'H%cove's modified Dulbecco's medium (IMDM), a (Liebovitz') L-15 medium,

and a RPM! 164AIamedhﬂdecmﬂtmmp1edtbmcaéycﬁlmmmmdiunhe mdnerﬁwdiﬂdﬂlﬂk/esadfum. During

R S B s R R B s
consisting of: a serum of fetal calf, horse or human; a penicillin G for preventing
microorganism contamination; antibiotics such as streptomycin sulfate or gentamycin;

15 antifungal agents such as amphotericin B or nystatin; and mixtures of at least two
materials selected from the forgoing.

According to the present invention, UCB-MSCs may be genetically engineered so
as to transfer a therapeutic drug for substantially inhibiting growth of brain tumor cells.
Also, according to the present invention, UCB-MSCs may be genetically engineered so

20 as to transfer a therapeutical gene or product thereof to cells secreting IL-8 or GRO-a.

In this regard, the term “inhibiting” refers to inhibiting cell proliferation and growth, in
addition necrosis and apoptosis. The therapeutical gene may be, for example, an
anti-tumor gene, a gene of an enzyme converting a prodrug into a drug, an antisense or
SiRNA of a gene related to a tumor, or oncolytic virus (see Yip S et al., The Cancer J.

25 9(3), 189-204, 2003). The anti-tumor gene may be a tumor suppressor gene, an
apoptosis-inducing factor gene, a cell cycle regulatory gene, or an angiogenesis inhibitor
gene. Specifically, the tumor suppressor gene may be selected from the group
consisting of a gene of phosphatase and tensin homolog (PTEN), a gene of Maspin, a
gene of RUNXS3, a gene of Caveolin-1, a gene of nm23, a gene of Rb protein, a gene of

30  Brush-1, a gene of inhibitor of tumor growth (ING-4), a gene of urvivin, a gene of X
chromosome linked inhibitor apoptosis protein (XIAP), a gene of neural apoptosis
inhibitory protein (NAIP), and genes of proteins regulating these genes. The tumor
suppressor gene is not limited to those genes described above. The apoptosis

inducing factor gene may be selected from the group consisting of a gene of cytokine, a
17



required.The additives may include at least one material selected from the group consisting of: a
serum of fetal calf, horse or human; a penicillin G for preventing microorganism contamination;
antibiotics sWEh249948tbmycin sulfate or gentamycin; 15antifungal agentsP§ikikR2e§pHBtericin B or
nystatin; and mixtures of at least two materials selected from the forgoing. According to the present
invention, UCB-MSCs may be genetically engineered so as to transfer a therapeutic drug for

substantiglh i IR SIRKN0§ Sraid LG e Adssls 36RITEITHIIO tRegRIRS BRATARMESEEHTINF -q,

UCB-MSCs may be genetically engineered so 20as to fransfer a therapeutical gene or product thereof
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angiopoietins, a gene of 16-kd prolactin fragment, and a gene of Endorepellin. The
15 angiogenesis inhibitor gene is not limited to those genes described above. The gene of
an enzyme converting a prodrug into a drug may be cytosine deaminase converting
5-FC into 5-FU that is an anticancer drug, or a CYP2B1 gene participating in
bio-activating cyclophosphamide and ifosfamide which are anticancer drugs, wherein
5-FC is a prodrug of 5-FU. The gene of an enzyme converting a prodrug into a drug is
20  not limited to these materials described above. The antisense or SiRNA of a gene
related to a tumor may be, but is not limited to, an antisense or SiRNA of a gene of Ras
family, a gene of c-myc, a gene of abl, a gene of erbB-1, a gene of EGF-R, a gene of Bax,
a gene of an Apaf-1 interacting protein (APIP), a gene of Wnt-1-induced secreted protein
1 (WISP-1), a gene of Wnt, a gene of Raf-1, a gene of Src, a gene of Akt, a gene of
25 Erk-1,2 and a gene of BcL-2.
The oncolytic virus that can be carried by UCB-MSCs may be a Herpes simplex
virus or a Reovirus type 3, but is not limited thereto.
UCB-MSCs to which a desired gene is introduced in an expressionable state can
be appropriately manufactured using techniques that are known in the art. For example,
30  a vector including a to-be-introduced gene is prepared (see Dehari H et al., Cancer Gene
Ther., 10, 75-85, 2003; WO07/037653) and then the vector can be transduced in ex vivo
into primary culture MSCs. In this regard, examples of the vector include adenovirus
vector, retrovirus vector, adeno-related virus vector, herpes simplex virus vector, SV40

vector, poliomavirus vector, papillomavirus vector, picarnovirus vector, vacciniavirus
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limited to those genes described above. The cell cycle regulatory gene may be selected from the
group consisting of a gene of cdc2, a gene of Cyclin(Cyclin A, Cyclin D, Cyclin E), a gene of cdc25C, a
gene of p2 WA GERY of p16INK4, a gene of CDK(CDK1, CDK2, CDK4 PCDKBRISSEEHNEOf Rb
protein, a gene of E2F. The cell cycle 10regulatory gene is not limited to those genes described above.
The angiogenesis inhibitor gene may be selected from the group consisting of a gene of
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limited thereto (see Yip Set al., The Cancer J. 9(3), 189-204, 2003).
Brain tumors that can be diagnosed, prevented, and treated using the
pharmaceutical composition according to the present invention may be primary brain
20  tumors or secondary brain tumors.  Examples of brain tumors that can be diagnosed,
prevented, and treated using the composition according to the present invention include
Astrocytoma, Pilocytic astrocytoma, Low-grade Astrocytoma, Anaplastic Astrocytoma,
Glioblastoma Multiforme, Brain Stem Glioma, Ependymoma, Subependymoma,
Ganglioneuroma, Mixed Glioma, Oligodendroglioma, Optic Nerve Glioma, Acoustic
25 Neuroma, Chordoma, CNS Lymphoma, Craniopharyngioma, Hemangioblastoma,
Medulloblastoma, Meningioma, Pineal Tumors, Pituitary Tumors, Primitive
Neuroectodermal Tumors, Rhabdoid Tumors, Schwannoma, Cysts, Neurofibromatosis,
Pseudotumor Cerebri, and uberous Sclerosis. However, brain tumors that can be
diagnosed, prevented, and treated using the composition according to the present
30 invention are not limited to these tumors described above.
The pharmaceutical composition according to the present invention may be
administered together with any known anticancer drug.
Since UCB-MSCs do not express HLA-DR (Major Histocompatibility Complex

class ll) that is a major cause for immunological rejection when a tissue or organ is
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Sintroduced are incubated at 37C in a 5% COZ2 incubator for 1 hour, so that the MSCs are infected
with the adenovirus gene. Then the infected MSCs are washed with a phosphoric acid buffer solution
and then a BAERIBHEIMedium is applied thereto. Alternatively, without uSKECEFERIMNENEROr, a
desired gene can be introduced into UCB-MSCs by using a naked DNA and any method selected from
a calcium-phosphate 10 method, a cationic liposome method, and an electrophoration method.

Alternativgbmpitpied Rseis DcdBRM Of ROIE R HBAkISN B BI0BIE 200 Antha s BIWVaT ralein can be
introduced.to UCB-MSCs using the fusion %Isotein B&ggincltfding vector ﬁisee Wu SP et alp\%oﬁhem
Biophys RESTSHIARANOR4EPL50:5 SA0s8 PhiBLAR ORGSR ARUP PR SUE AR PRSP Re BICHn
additionabipéstadfs pishiamatieantpRarip Maskestoer o feapxsenpiairnigsde foceoeintgdy,
chromogenic or flugrescent praotein, such as lacZ or a green fluorescent protein (GFP), but is not

limited thé&teB-MdeL v induded irfheRlimaraisal 89mpasiHBRACedINdIAdRS tREEEM be

diagnpsethydRishtesh ra e IGEOHS MY JdQiAbA DL SR HRsIN0SBo A REERIHEIbecth@apiRsENt
invention ma bedgrimary brain 20tumors qQr secondary brain tumors.Examples of brain tumors that
e Ushs

can be di ed\Grrting:te theirreseat inyeriign Birfe G BRiISER APt invention

include Agliapfieseaverjlocytic astrocytoma, Low-grade Astrocytoma, Anaplastic Astrocytoma,
Glioblastoma Multiforme, Brain Stem Glipma, Ependymoma, Subependymoma, Ganglioneuroma,
Vixed Glioma, IO BB SOOI LR AR R AR R 95 100 Foh e BRIBRO LIRS
LymphonisreGaafiiagp batyssimg disieives aicdvasiogte, the guobtsivaatidtamag ifumpe Pinglabéumors,

Pituitary Tumors, Primitiye Neuroectodermal Tumors, Rhabdoid Tumors, Schwannoma, Cysts,
NeulbiorBH AT 4D Cal BBl AELE G BYRE BLASLLE B BRI R T BB can be

diagnosediOB=MSGR canthifaaiashasngdoeticamnapiesitricaidinpdddhasdanena3ingplriion are not
ivention 1) SR R ACRARD BRI LD RN anibS RAIAT g oS E GEAREES Bo ot
express hiioh-DRI(Mirinisiritiopripnabivititio.csuple s sassnie dtubi s farmajiatioausea dodallpunological
rejection Vavg%?n?sprsa%g orrr%r aa%(i)%. For example, a sterilized solution or suspension that
15 includes water or a pharmaceutically acceptable solvent can be non-orally administered
in an injectable form. Specifically, water or the pharmaceutically acceptable solvent is
appropriately combined with a pharmaceutically acceptable carrier or medium, thereby
forming an injectable formulation in a conventionally acceptable unit dosage. Examples
of the pharmaceutically acceptable carrier or medium may include sterile water, saline,
20 vegetable oils, emulsifier, suspension, surfactant, stabilizer, excipient, vehicle, an
antiseptic substance, a binder, etc.

The injectable formulation described above can be non-orally administered,
specifically directly administered to a site of disease, by using a conventional method.
Alternatively, the injectable formulation described above can be administered through a

25  cerebrospinal fluid, a vein, or an artery supplying blood to the site of disease, preferably
directly administered to neighboring portions of the site of disease in the brain or the
spinal cord or the opposite portions thereto. For example, the injectable formulation
described can be administered using a clinical method developed by Douglas
Kondziolka in Pittsburgh in 1998. That is, a skull of a subject to be administered is cut

30 to a diameter of about 1 cm, the size of a pea, and then a MSC solution mixed with a
Hank's balanced salt solution (HBSS) is injected thereto. In this regard, the injecting
the MSC solution is performed using an injector including a long needle and a
stereotactic frame for accuratly injecting the MSC solution into the brain.

20



WO 2009/028870PCT/KR2008/005026 transplanted (see Le Blanc, KC, Exp Hematol, 31:890-896,
2003; and Tse VVT et al., Transplantation, 75:389-397, 2003), immunological reactions, such as
rejection, wiNV€h2898/¢28§dt problems of transplantation do not occur or can RCHRRHIGEMACordingly,
UCB-MSCs included in the pharmaceutical composition according to the present 5invention can be
taken from, in addition to a self-derived UCB, another subject-derived UCB. According to the present

invention, UCB-NREg£ifdR &' SFUTERMSE HiipBEIRMNFdo 1x10NediSIRgNa&pweigrining
pharmaceutical comig?sﬁgon for fﬂi‘e@e therapy or for preventing or treating diseases according to the
t

present if/ETREPIM ekl RetskeRrhcweiatly e dalydgsaimay be administeseg at

effective ¢Hop e dieddGErbEverarratanaadharBacseicabesranay doheseserorvedtism a
suitable formulation that can be administered to a body. The suitable formulation may be a non-oral

administr 238 RARRRHANANARPeRf HORMRBRMIMARGs R dingtaheliinde Phoissasrttaibs. For
example, pefidizZpé sehinry of gishpisiobdaleddAUARRIMPAEDATONBE! BIRE ShE GAdig REGRRSable

solvent can he non-orézsgly administered in an injectable form. Specifically, water or the

pharmacAL IRNIEESR MRS e nf R IRGi1Rs ATRIBIRERtIRRPAShIRSCReE @IRVERRBRable

carrier or fie i theasedydonipredaiaamaatiernulation in a conventionally acceptable unit
dosage. ExampI% of thcasgﬁg\armaceutically acceptable carrier or medium may include sterile water,

saline, 20vegetabf RFESERURKRINIAN SRR QMY ideR A mathedpiiertog mlinearsielatet R fiseptic
substancee# tHatiprodifces | FB&NBREUCMTHates darspisat GFLOEBIASOS, WHaWaliM tumor,

administered, specifically directly administered to a site of disease, by using a conventional method.
At MS T RSB IRG PR AR A ERPe e RIEFU ABLALO! the
25cerebrespinaldoddticay etmpositientascsrdinty rothédprete Mervieh tbAikeagsativeferanlyhisrectly

administered to neighboring portjons of the site of disease in the braip, or the spinal cord or the
opposite PR deralo B B AR AR ATASSHT R RTPAS LT B BRPY R PR R TR VG Busing

a clinical gfethegalfeitaed by ddasotamicerdaiclkimalBitsed T MAER. gurposes skullhisa subject
to be administe egl? c;ﬁélﬁg to a digmeter of about 1 cm, the sjze of aSoe%,1 and then a MSC solution
mixed witfF43idnks BaRbsay 08 IHFEH ABS PG PRretooHPthR MRIARY U Bjecting the

MSG ssolu @BiMSCioIs Rt Uishig ditomeniani) cludiea i bergppéied| eoastter steraatagsic frame for
3ccuratly inje_ctig%tghﬁ]r MSC tS%Iution intg the brain. WO Hﬁ%/ﬁﬁ?g&%ﬁg;%l? iggg)soeSPe gtgg?odgily
ose of UCB-M 55?5% ix\i?ﬂl%rl? Bé%ﬁ@% )

cell that produces IL-8 or GRO-a and induces a tropism of UCB-MSCs, or a brain tumor,
and a kit used to perform the method, wherein the method uses UCB-MSCs. In this
method, UCB-MSCs may be labeled with a detectable marker. The UCB-MSCs labeled

20  with the detectable marker can be visualized by a state-of-the-art technique, and can be
tracked in real time in a live animal. The detectable marker may be a
luciferase-containing enzyme based fluorescent detector or Tat peptide-derivatized
magnetic nanoparticles (Yip S et al., The Cancer J. 9(3), 189-204, 2003). If a stem cell
expressing luciferase is used, the administered stem cell migrating to the site of disease

25 can be tracked by identifying bioluminescence in real time and thus, diseases can be
diagnosed and the site of disease can be identified (see Weissleder R et al., Nat Med 9,
123-128, 2003). Tat peptide-derivatized magnetic nanoparticles are connected to
UCB-MSCs using a method developed by Lewin et al. (see Nat Biotech 18, 410-414,
2000) and then administered in vivo. The administered UCB-MSCs can be tracked by

30  magnetic resonance imaging (MRI). Accordingly, UCB-MSCs labeled with a marker
can be administered in vivo and then, by identifying a location where UCB-MSCs gather,
the tumor and the site of the tumor can be identified. In addition, UCB-MSCs labeled
with the marker can be administered during the brain tumor treatment or after the brain

tumor treatment to identify the location and size of the distribution of the administered
21



preferably 5x105 to 5x106 cells/kg body weight. The daily dose may be administered at once or be
divided for several treatments. However, according to the present invention, the administration dose of
UCB-MSCsW{agN8283Bording to the kinds of diseases to be 5treated, theP§EVERZIF WEBEse to be
treated, administration routes, and the weight, age, and gender of a patient. Accordingly, the
administration dose described above does not limit the scope of the present invention. The present

invention gleB ABIies aRRtROHRS Hiertesscot iFRAB IR IRIRTbIAre APHhBERROAY695e! N8 MidrddO-2a

and induces a tropism of UCB-MSCs, or a brain tumor, 10 wherein the method includes administering

a therapefieaiginaledDe RFFSSAE BMARtaN-AIsa RIGNIdeS armRibad PLERRERTINGRFROpFESIAR Of

invention {ReaatiefifnlBrifiedpsent aHE B Ritecednel peembimtiireriathtRE avbie Rt s AséitRBdnay be
taken from UCB of the §atient itself or other humans or animals used for medical purposes. In this

regard, UBSERIDEB udbe enitgringiRrdisnddherki wees & RIS BeiRadCAMot
limiteg] to JidpRSaFHRLEAd Besriad AREIIREINIS prodiEeB RS8N IYROLE aNE Griguides a

method of diagnosing a disease related to a cell that produces IL-8 or GRO-a and induces a tropism of
UCB-MSEORBM BFHCBMMRCSnd a kit used to perform the method, wherein the method uses

UCB-MSCs. In thigsrgteacntiC e pricrart heraheles wittha préseinipaaiiiation e UCB-MSCs

labeled 20 with the detectable marker can be visualized by a state-of-the-art technique, and can be
tracked inNEATRARRIGH PHVEIRRRASE FHESRALRELIe marker may be a luciferase-containing enzyme

based fluorescent detector or Tat peptide-derivatized magnetic nanopatrticles (Yip S et al., The Cancer
J. 9(3), 189-204,.2003). If a stem cell expressing luciferase is use(a, the administered stem cell

rigriling to the YR SYBRSIEVRIIAN A0 LB SR ByE P S AR BLLeR B R 48 and thus,
diseases fsliphhgieganisiegsaind theesitcexbiftes e rafbbRlikeriiledlisen Y¥eiorlgiaiRapré dlotNat Med
9, 123-128, 2003). Tat peptide-derivatized magnetic nangpatrticles are connected to UCB-MSCs using

a method BISRAEHLE BP(td0R-SEPRE QdbRRIaSRRE MVEBLIYE $AMEPI000) and then administered in

vivo. The administered UCB-MSCs can be tracked by 30 magnetic resonance imaging (MRI).
Accordingly, UCB-MSCs labeled with a marker can be administered in vivo and then, by identifying a
location where = gather, the tumor and the site of the tumor can be identified.In addition,

UCB9MSCs labelg@d7 MG, A549, KATO IlI, PLC/PRF5, LN18, U138 and U251 cell lines were
purchased from American Type Culture Collection (ATCC) and used in the present
experiments. A549, KATOIIll and PLC/PRF5 cells were cultured in RPMI containing
10-20% (v/v) FBS (HyClone, Logan, UT, US) and Gentamicin at 37C ina 5% CO;
incubator. U-87 MG CELLS, LN18, U138 and U251 cells were grown in an Eagle’s

20  minimum essential medium (MEM) containing 10-20% (v/v) FBS. Bone
marrow-derived mesenchymal stem cell (BM-MSCs) was purchased from LONZA.
BM-MSCs and established UCB-MSCs were cultured in a-MEM media containing
10-20% FBS.

25 <Example 1> Preparation of umbilical cord blood-derived mesenchymal stem
cells (UCB-MSCS)
UCB samples were collected from the umbilical vein of deliveries, with informed
maternal consent. Specifically, a 16-gauge needle of a UCB collection bag containing
44 mL of CPDA-1 anticoagulant (Greencross Co., Yongin, Kyungki-do, Korea) was
30 inserted into the umbilical vein and UCB was collected by gravity. In all cases, UCB

harvests were processed within 48 hours of collection, with viability of 90% or more.

<Example 2> Isolation and expansion of UCB-MSCs
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with the marker can be administered during the brain tumor treatment or after the brain tumor
treatment to identify the location and size of the distribution of the administered WO
2009/028879PCHKRIYM8/005026 UCB-MSCs. That is, the progress of thePSrHMR(HPFEAment can
also be monitored. Accordingly, the present invention also provides a method of monitoring
progression of the brain tumor treatment and a kit used to perform the method, wherein the method

usestCB MSC&JCEB&WM?}@W@?%@:% t?ogﬂégﬁﬁﬁI@épﬁﬁ%méhﬁlmQWWI?@U%C5§|;08%9 applltled
to a dise ed to a ce at produces I|L- a and Inguc (0] S t
o otod TR NP RRLP SRR T AR oY O RIS O ST e omc i it
entlretsll miaweéeetamumé@wwdhmseﬁﬁim&wm fumlled ﬁe%IF\B@(Hajmeg@eca {t&fﬂh&wwgga f
examp es. These exam str 0oses o e not Inten o limit the scope o
e e R MRObEb O DL PR o G0 S aRe de (o e Terp R Aok s SuRps g
U251scellwwmsesourwhesedzﬂdm%@wwpﬁmm@dlmra ﬁmmmh%?éﬁl@tmﬁumeédaﬂm
present experi 49, KATO!! and PLC/PRF5 cells were Itur I co 10-20%
e oo (e F % ConfAniag & e et Aa e CUBYAE 2y HalsR Bra b Co LS,
LN18, Ul&&@b@t&%ﬂn@edt%m|qmwamat§5ﬂglméﬂwmlv:]mwr|(|a®e11)tlallll Whéhithd iitdred
containin 0% FBS. Bone m w-deriveg mesenc al stem ce MSCs

o ronaee bl ETBRA SR e G BN G b T U STERE NELR (BN HERa
containingA8s2086 1IBSt Afiskosaopee 1THyepubtioultivatiowiies rspddiig-pefyatadanaiichgmal

sterr}o MSCs expanded sufficiently.

<Example 3> Preparation of UCB-MSCs labeled with PKH-26
UCB-MSCs cultivated according to Example 2 were dyed with PKH-26 (Sigma
Co.) using a method disclosed in a reference [Barreda DA et al., Developmental and
15 Comparative Immunology, 24:395-406, 2000]. First, UCB-MSCs were separated from
the cell culture dish by using Trypsin and then, 2x 107 cells were washed with an
FBS-free medium. The washed cells were collected using a centrifuge and then
suspended in 1 mL of Diluent C in a kit provided by a manufacturer. Then the resultant
cell suspension solution(2x) was mixed with 1ml of the PKH fluorescent dye solution(2x)
20 and then the mixture was reacted at 25C for 5 minutes. To terminate the labeling
reaction, a medium containing an equal volume of fetal bovine serum (FBS) was added
to the reaction product and then left to sit for 1 minute. Cells labeled with PKH26 were
collected by centrifuging and then, washed with a 10 to 20% FBS-containing medium
three times and used in experiments.
25
<Example 4> Co-culture of MSCs and other cell lines in transwell chamber
Human UCB-MSCs (hUCB-MSCs) were dyed with PKH-26 (produced by Sigma).
The dyed hUCB-MSCs and other tumor cell lines were co-cultured under a culture
condition in a transwell chamber (FALCON) (MSC: cancer cell lines=1:5). For a control
30  group, cancer cell lines-free MSCs were cultured in the same condition as described
above. The transwell chamber used in the co-culturing, as illustrated in FIG. 2, included
a lower compartment and an upper compartment, wherein the lower compartment is
separated from the upper compartment by a microporous membrane (8 uym size.) In

the upper compartment, PKH26-labeled hUCB-MSCs were cultured; and in lower
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cells (UCB-MSCS) UCB samples were collected from the umbilical vein of deliveries, with informed
maternal consent. Specifically, a 16-gauge needle of a UCB collection bag containing 44 mL of
CPDA-1 anli¥828M&38§Wreencross Co., Yongin, Kyungki-do, Korea) was 3P{EERSW# SR umbilical
vein and UCB was collected by gravity. In all cases, UCB harvests were processed within 48 hours of
collection, with viability of 90% or more. <Example 2> Isolation and expansion of UCB-MSCs WO

2009/0288 4Ripami&r0886H6PREMan Ykali Minior Bstinme U azaudinLiadnaiBrliEchiwsecedintiéiged
with a FicoII-H?/ ague gradient (produced b ?fma Co., den,gjz'%l.O??ﬁan and then washed
7 .

several tithed {8 EniBUBaM FUMRNA%Y 1S paNEHTCHRSCR R HWas AviR-
a-MEM, Gilpeg EREURQringForeekie d 4y theo eRiysaaing asheet &éﬁg%hd thé faRdidasofThe

UCB-MSCs were portioned at a suitable concentration into each of 10 to 20% FBS- containing a basic

media, andhEPdaRGACR-MPGrsias idemitied using &P aRcoRERR IS sReRS(NNR)iANPweek
(FIG.s1). WRkepéwbldt @OBIS Dsmagratsinoladasintd® Gs 6xpandmgd s anseiadi FRme WaEe

identified with a phase-cont icroscope, Th ub-cyltivation was repeatedly performed until the
|ONSCs BRSTRRALIANRY CHLATAE 2 SIBRE RN 16 JeT1acs LRalotHih BRANEST
UCB-MSGelthibsiashaeeonsine tio fesamKlazs wasel ey edoBtVIBSH wad fentH#ied.) Tsiegariethod
disclosed in a reference [Barreda DA et al., Developmental and 15 Comparative Imm

o396 AGBRBOP T I S EHRES (2 S QR O A R B IRATB B Sy G and
then, 2x 1§5lIsallasysisredinarbusihertoBpdreagnedi®.MHhe washed cells were collected using a
centrifuge and then suspepded i L of Diluent C in a kit provided py a manufacturer. Then the
resulfant call suspReon PR HARTRORRAI AP GRvERR P RS AUt S G55
20and then theaneher gnasrisectattiahah OFRHO abislee dsetdhyiEsteenseasnedenaten, a
medium containir%g an equal volume of fetal bovine serum (FBS) was added to the reaction product

and then BfB{616F N9 HEQueECADPATLReNh e BIGIUBIR e ESIR RIS LERMRfirthadidnen,
washed vétroad & tpidaYidrRIBTMBINING 8)e0H 38, thideUBetimatchrs eildih espriieentmed shgdample

4> CO_CUl\tAl/JégkoIrg/lpslgrrsl orll'doﬁ;[gﬂucrﬁlcl)ll'igg sI ?I’—I@%S.V%egncé] %nb% B of FIG. 3, the left image shows

15 the case of the control group in which a human cell line-free medium was added instead
of tumor cells, and the right image shows the case in which UCB-MSCs were co-cultured
with U87-MGcell.  Referring to FIG. 3, the migration of many PKH26-labeled
UCB-MSCs was identified.  When the human cell line-free medium was used instead
of tumor cells and cultured, the migration of PKH26-labeled UCB-MSCs was negligible

20 (see the leftimage of B of FIG. 3). However, PKH26-labeled UCB-MSCs had a tropism
for a conditioned medium that did not contain U-87 MG cells but U-87 MG cells had been
cultured therein (see D of FIG. 4). Such results show that the conditioned medium
contained soluble factors that function to attract UCB-MSCs toward U-87 MG cells.

25 <Example 5 > Comparison of tropism of BM-MSCs for U87-MG and tropism of
UCB-MSCs for U87-MG
A tropism of BM-MSCs for U87-MG was compared to a tropism of UCB-MSCs for
U87-MG, using a transwell chamber.  U87-MG cancer cells or medium were placed in
a lower compartment, and BM-MSCs and UCB-MSCs each were placed in an upper
30 compartment. In all cases, the culturing was performed for two days. As a result,
UCB-MSCs were found to have a stronger tropism for U87-MG than BM-MSCs (FIG. 5).

<Example 6> Comparison of migrations of MSC
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Human UCB-MSCs (hUCB-MSCs) were dyed with PKH-26 (produced by Sigma). The dyed
hUCB-MSCs and other tumor cell lines were co-cultured under a culture condition in a transwell
chamber (FAIQC2OMNPRBIAC: cancer cell lines=1:5). For a control 30 group, cBAEEFRANGAIpce MSCs
were cultured in the same condition as described above. The transwell chamber used in the
co-culturing, as illustrated in FIG. 2, included a lower compartment and an upper compartment,

wherein the lowa) cemsWY aBhateaFrsATE fFIBOR URRRE rdN AL BAERUST
membrane 58 gm size.) In the upper compartment, PKH26-labeled hUCB-MSCs were cultured; and in

lower W jpak H%?ﬂ@ﬁ%@%‘)@b@?ﬁt%méﬁmﬁ?ﬂ, CARGEHCRINAY M8 M thatds Rrain
UB7-MG, bateangasiabcesieat aRll Ibvrek SdrfpdrtMemBndtdeBrAMRMEINE 23t aABEeN Aksfisoliproblast

NIH3T3 was cultured. After co-culturing for one day, two days, and three days each, the migration of

PKH26-labR&NUesedtic indigendiaf KGRiMSHadn-eanh sase Wrseepapeien El@ ©):

PKHZ26-labled Uﬁ&@,&q‘amigquwaﬂmtgdvéﬁ@&bhﬁs@@ammmﬂwtwﬂ%med using
KATO IlIl, A549 PL@&PEE@, LN18 U]{38 and U251 which are tumor cell lines and the migration of

PKH26-laBRiEgtsR wiaRL iR SRk HEE M, crlisanas SuIBNREIR PR BRNIREN in
which a megiym condiinms R PIIH840Visnaats VawadoogitLire dip DVENOMPAsBARNEEEGthé). 10That

is, PKH26-|abeled UCB-MSCs were co-cultured with various tumor cell lines in_a transwell chamber

and then, PRMPLBEHEINABX M5 FAIRY alerh R AvA g e iR PaeafiHG BrM R migiatsddowat dvere

counted. 87 KeSUlly tHebhdibes bAUEGBIMBCTY enigratéel ird\ontrdl Epdiiterind Niopidatsre
IGS. 3 and 4). In B of FIG. 3, the left

brain tumor cell lines, and a weak tropism for other tumor cells (F [

syl lora e Attt I i L v Tty B AN K A i
instead ofuOBAVISELS HarbtHesH@NGGRRIerepiRNs IEUSTERIG Wt d GRaM Séraovesigmeultured with
U87-MGcell.Referring to FIG. 3, the migration of many PKH26-labeled UCB-MSCs was identified.

When the human cell line-free medium was used instead of tumor cells and cultured, the migration of
PKH26-labeled dERaMplesrwaBytsihgilerap (see the left image of B of FIG. 3). However,

Pt U-67 MG cclPG8 BREFREN LA HEERHESb 1B €=U, R o N, WP RS oMot
medigm cesreuneresh lahtetiasiQuruhsad frsdilan Waalitanebtied®-MBiesapaRriite il forrlthe
2 XA e BRI WaS Saied by Usho a eyloRine Bntibedy atray o
A film to which antibodies of various cytokine were attached was taken from a kit
for a cytokine array purchased from R&D System Co. and was reacted with a blocking
solution for one hour. Separately, amounts of the media prepared by co-culturing
20 UCB-MSCs and each of three kinds of human cells, including U87-MG tumor cell were
adjusted to 1.5 mL or less; and each medium was mixed with the mixed antibodies of
cyokines contained in the kit and an antigen-antibody reaction was induced for one hour.
The medium in which the supplied cytokine antibodies were combined with secreted
cytokines was reacted with the film that was subjected to the blocking for 4 C for 12
25 hours. After the reaction, the film was placed in a washing solution and washed, and
then washed with tertiary distilled water. Then the film was dried at room temperature.
After repeating the washing and drying process two or three times, the film was reacted
in a solution containg streptavidin-HRP for 30 minutes. Then the film was washed with
a washing solution three times, reacted with a chromattic reagent, and then exposed to
30  an X-ray film in the dark room.
U87-MG inducing strong tropism of UCB-MSCs secreted growth-related
oncogene (GRO-alpha), IL-8, MCP-1, G-CSF, GM-DSF, IL-6, IL-1B, a migration
inhibitory factor (MIF), and Serpin E1. Specifically the amounts of GRO-alpha and IL-8

were higher than those of MCP-1, G-CSF, GM-DSF, IL-6, IL-18, a MIF, and Serpin E1.
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UCB-MSCs for U87-MG A tropism of BM-MSCs for U87-MG was compared to a tropism of
UCB-MSCs for U87-MG, using a transwell chamber. U87-MG cancer cells or medium were placed in a
lower comp¥¥ Rt/ TBM-MSCs and UCB-MSCs each were placed in aR b8 3artment. In
all cases, the culturing was performed for two days. As a result, UCB-MSCs were found to have a
stronger tropism for U87-MG than BM-MSCs (FIG. 5). <Example 6> Comparison of migrations of MSC
WO 2009(EETSRGTHEANGEUAEAA by MERING Geliyeated knmdontdnaersipéinsianey

compartment a elLa that is cervical cancer cell, and U87-MG

each of A549 that is lun cerc
vl fep g e S e e R R et )

Then, chetmlfﬁacztwdug:]@m@ gf?élé}&wMSﬁmmeach mllsnawemle , GytoRaTed #Ft@r@r)th@s%f %argela, and
U87-MG cells were purchased fr erican type cuylture FLectlon izl c of A549 nfi us7
MG colle SRS IRS P VRSB YRS G B8 S AR CHATERE
DMEM. Irtw(g;ﬂ@mrteg iPReMedaekcanesyisias CalC BN Ty d|V|d|ng the number of UCB-MSCs
migrated toward U87 MG by the number of UCB-MSCs migrated in the control experiment. A tropism
of toUCB-MSCs for those cancer cells was analyzed. As a result, it was found that UCB-MSCs had the
stronggest tropisifapid8fMG that is a brain tumor cell line. <Example 7> Cytokine Array MSCs
and each of three kinds of human cells, including U87-MG tumor cell, were 15co-cultured, and the
cultured medium was collected. The cytokine profile from the cultured medium was examined by using

a cytokingantibody array.
Cell Lysate Supernatants
NC37
MIF+++ MIF+++
SICAM-1-++ Serpin E1+++
MIP-1a++ MIP-1a++
IL-16++ MIP-1b++
IL-6+
IL-8+
LS174-T
MIF+++ MIF+++
IL-1ra++ SerpinE1+++
GROa+ IL-6+
IL-8+
us7
SICAM-1+++ (GROa+++)
|L-6+++ IL-6+++
MIF+++ (IL-8+++)
SerpinE1+++ Serpin E1+++
IL-1ra++ (G-CSF++)
IL-8++ MIF++
G-CSF++ (MCP-1+)
IL-1a+
IL-1b+

26




A film to which antibodies of various cytokine were attached was taken from a kit for a cytokine array
purchased from R&D System Co. and was reacted with a blocking solution for one hour. Separately,
amounts of YKe eUa8878pared by co-culturing 20 UCB-MSCs and each of RRFEERMEMFReman cells,
including U87-MG tumor cell were adjusted to 1.5 mL or less, and each medium was mixed with the
mixed antibodies of cyokines contained in the kit and an antigen-antibody reaction was induced for

one hour. The megnditishedifietia colrRtied BEaKUEBINSTEAsUMSECOMPINRE lTGSesneted

cytokines was reacted with the film that was subjected to the blocking for 4C for 12 25 hours. After the

reaction, FEHIESRWYARAANR SoEHTE QBRABPEIR WRISHRERAEne FRCR RRAIPNRS iary distilled
water. Thawediarfilwasdacliedeart soan EMperemdraier4a0ep8n Ui\ Gaast big S0 e QLY G GepEesSs

t three times, the fi ted i |uti tai tavidin-HRP f inutes, Th
the v DS S e O B 1 P e OB E D P (SEE et Mo
eXpOSeg ®A39h0v9§h demémﬂﬂﬁ)d(dWﬂaWar?alyéi@YeMﬁérirhmiM@aﬁﬁ@ﬂ@ﬁﬂpi@p@éwﬁﬁ-l\ﬂSCS
secreted growth-relate cogene (GRO-alpha), IL-8, MCP- -CSF, GM-DSF, IL-6, IL-1[3, a

e atton S, TSR o e 2 OBl TRy LG 8 SO KR BRI & were
higher thaaridp s alyMERuits-F&h thdvieBiunlpfepadiéid, Iandulering Be V87 MG only, and the

2009/028870PCT/KR2008/005026 FIG. 7 shows results obta analyzing cell lysates and cell
culture SJE)" Hfﬁrﬂgel'ﬁ%%%%%\%?ftﬁ%%'%gr %’%§$§£R& gfr:%e;ijr@g?mation about changed spots

compared to therIGItBT glmwsaressite\idetifiéd bly. ikolbtibig R kioas UCBMB8 s sedtaedoyitikines
that were derived byt ~cultyripg with tu Ils, It is highly likely that 5 t yiokines m
inaull o S0P e ERRSE ore ot Mt cufppet i el sinot DB BARSES gy,
RT-PCR was performed with IL-8 specific primers and GAPDH was used as a control.
When the level of IL-8 mMRNA was measured by RT-PCR, it was found that U-87 MG
expresses IL-8 in both cases which US-87 MG cultured with and without UCB-MSCs.

15 <Example 8> Effect of cytokine with respect to UCB-MSCs migration
The effect of IL-8, GRO-a, MCP-1(RND Systems, MN, USA) with respect to
migration of UCB-MSCs was measured using traswell migration assay.
PHK-26-labelled UCB-MSCs were placed in the upper compartment and no cells were
placed in the lower compartment. UCB-MSCs were cultured in an IL-8 free medium or
20 in a medium containing different concentrations of recombinant humane IL-8 for 24
hours. As a result, it can be seen that UCB-MSCs migrated more when treated with
IL-8 than when they were not treated with IL-8 (FIG. 9A).
IL-8 receptor on UCB-MSCs can be effectively blocked by anti-human CXC
chemokine receptor 1 (CXCR1) antibodies. After pre-incubation of UCB-MSCs with
25 anti-CXCR1 antibodies, recombinant IL-8 was again applied to UCB-MSCs. [L-8
mediated migration of UCB-MSCs was reduced, in a dose-dependant manner, by
anti-CXCR1 treatment (FIG. 9B). Anti-CXCR2 treatment also showed the same effect.
Similarly, GRO-a treatment also enhanced UCB-MSCs migration when compared
to untreated cells (FIG. 9C). GRO-q, also belongs to the CC subfamily and can interact
30  with the CXCR2 receptor [see Wuyts A. et al. Eur J Biochem 255, 67-73 (1998)].
In contrast, significant differences were not found in UCB-MSCs migration in
cultures treated with MCP-1 (FIG. 9 D). These data strongly indicate that IL-8 and
GRO-a participate in migration of UCB-MSCs towards U-87 MG cells.
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<Example 9> UCB-MSCs migrates toward A549 cell overexpressing IL-8

The relationship between the concentration of IL-8 secreted from several cancer
cells and UCB-MSCs migration toward each cancer cell was identified. FIG. 10A
shows ELISA results indicating concentrations of IL-8 secreted in media in which U87
MG (brain tumor), KATOIIIl (gastric cancer), A549 (lung cancer), and PLC/PRF5 (liver
cancer) cells were cultured. In this regard, the concentration of IL-8 was measured per
1x10° cells. Among the cancer cell lines assayed, U-87 MG showed the highest IL-8
production. This data suggested that UCB-MSCs had a strong migration attraction
toward IL-8 producing cells. In addition, other human brain tumor cells, that is, LN18,
U138, and U251 cells, also showed the similar concentration level of IL-8 as that of U-87
MG (see FIG. 10B). Therefore, it can be seen that UCB-MSCs has a tropism for IL-8
secreted by brain tumor cells.

In order to know whether addition of [L-8 to cells expressing a lower level of IL-8
induces the migration of UCB-MSCs, IL-8 was overexpressed in A549 that is a human
lung cancer cell. FIG. 10C shows migration resuits of UCB-MSCs after IL-8 gene was
introduced to A549 cells that secrete a low level of IL-8 by using a lipofectamine reagent
and then IL-8 was overexpressed. Referring to FIG. 10C, more UCB-MSCs migrated in
A549 cells having overexpreesed IL-8 than in A549 cells.  Accordingly, it can be seen
that IL-8 could be a strong inducer of UCB-MSCs migration. FIG. 10D shows the

concentration of IL-8 secreted into a medium in a condition of C measured by ELISA.

<Example 10> Comparison of reaction of BM-MSCs and UCB-MSCs with respect
to IL-8

Since it is known that BM-MSCs migrate toward U-87 MG cells in vitro and in vivo,
migration characteristics of BM-MSCs and UCB-MSCs with respect to U-87 MG cells
were compared to those with respect to IL-8 (FIG. 11). A of FIG. 11 shows tropism
characteristics of BM-MSCs and UCB-MSCs migrated toward the lower compartment B,
that is, toward U87 MG. B of FIG. 11 shows tropism characteristics of BM-MSCs and
UCB-MSCs migrated toward the lower compartment B when they are treated with IL-8
for 14 hours. Referring to FIG. 11, more UCB-MSCs migrated than BM-MSCs.
Therefore, it can be seen that UCB-MSCs strongly corresponded to IL-8 and migrated

more, but BM-MSCs relatively weakly corresponded to IL-8.
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<Example 11> Expression levels of the IL-8 receptor CXCR1 and CXCR2 in
UCB-MSCs

Expression levels of CXCR1 and CXCR2 which are IL-8 receptors in UCB-MSCs
and BM-MSCs were compared by measuring mRNA and protein in each of CXCR1 and

5 CXCR2. FIG. 12 A shows results of RT-PCR which was performed with CXCR1 and

CXCR2 primers after mMRNA was isolated in each of CXCR1 and CXCR2. GAPDH was
included into each sample to assess the quantity of the isolated RNA. FIG. 12 B shows
results of expression levels of CXCR1 and CXCR2 obtained by measuring each mRNA
band intensity of gel obtained from FIG. 12A using a densitometer (* and **, p<0.001;

10 n=4). As aresult of RT-PCR analysis for all the RNA isolated from UCB-MSCs and
BM-MSCs, the band density of the PCR product of CXCR1 and CXCR2 was higher in
UCB-MSCs than in BM-MSCs. FIG. 12 C shows analysis results obtained by
immuostaining UCB-MSCs and BM-MSCs with anti-CXCR1 and CXCR2 antibodies to
identify expression levels of CXCR1 and CXCR2 (x400). Referring to C of FIG. 12,

15 UCB-MSCs and BM-MSCs showed high expression levels of CXCR1 and CXCR2.
Since IL-8 has high affinity to CXCR1 and CXCR2, increased UCB-MSCs migration
toward U-87 MG may be due to up-regulated expression of CXCR1 and CXCR2. FIG.
12 D shows analysis results obtained by immuostaining UCB-MSCs and BM-MSCs with
a secondary antibody only without anti-CXCR1 and CXCR2 antibodies to identify antigen

20  specificity of the anti-CXCR1 and CXCR2 antibodies.

<Example 12> Introduction of gene into umbilical cord blood mesenchymal stem
cell
As an example of an experiment in which a gene is introduced into UCB-MSCs, a
25 green fluorescent protein (GFP) was overexpressed using an electroporation method
with a human MSC neucleofector produced by amaxa biosystem Co. and an
electroporation method. 4x10° cells of UCB-MSCs were cultured for two days and then
placed in a mixture of 5 mg of a GFP encoding gene and 100 ml of a human MSC
nucelofector for 15 minutes and the gene was introduced in an electroporator. The
30 resultant UCB-MSCs were moved to a plate and after 24 hours, expression levels of
GFP were identified with a fluorescent microscope. The GFP could be identified in a
cytoplasm of each MSC (see FIG. 13).
To test a tropism of UCB-MSCs to which the GFP encoding gene is introduced,

each of a GFP encoding gene and an empty gene was overexpressed in UCB-MSCs
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and then, a tropism of the resultant UCB-MSCs for U-87 MG was identified. After the
gene was introduced as described above, UCB-MSCs expressing GFP were placed in
an upper compartment of a transwell chamber and U-87 MG was placed in a lower
compartment of the transwell chamber, and then UCB-MSCs expressing GFP and U-87

5 MG were co-cultured for 24 hours. Among cells migrated toward the lower
compartment, GFP positive cells were identified. As a result, it can be seen that
UCB-MSCs overexpressing GFP due to introduction of a GFP gen had a strong tropism
for U87 MG (FIG. 14).
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IL-1 a+ IL-1 b+ WO 2009/028870PCT/KR2008/005026 Conditioned media collected from
UCB-MSCs cultures only, U-87 MG cell cultures only, and the co-culture of both cells were prepared.
Each conditioned medium was incubated on an array membrane, and then visualized by an ECL reagent.
Then the visualized conditioned media were compared to each other (see FIG. 8). FIG. 5 8A shows
cytokine antibody array analysis results from the medium prepared by culturing UCS-MSCs only and a
control medium. FIG. 8B shows cytokine antibody array analysis results from the medium prepared by
culturing the U-87 MG only, and the medium prepategay co-culturing UCB-MSCs and U-87 MG. FIG. 8C
shows results identified by isolating mMRNA from UCB-MSCs cultured with ioand without U-87 MG (left) or
from U-87 MG cultured with and without UCB-MSCs (right). RT-PCR was performed with IL-8 specific
primers and GAPDH was used as a control. When the level of IL-8 mRNA was measured by RT-PCR, it
was found that J-8 708 B S8R TR e LEEBIAANERIERE Y IMRPSutiFEd With and without
UCB-MSCs. tisuRaceriphecgmppsfaat eofmpyiterimesarichyreststeot toll$IORMISAR ymigjfeaioprd blopthe effect of IL-8,
GRO-a, MCPrAd RSy sterastdviNelld Shpmith fres paciniesanigsatinstai t2GCBMMEBsHyasimeasured using

traswell migrafied) @asaYrebdddarBslabRllede L BIM S $B) SoRiRERFIIN IR AHDRO comPagment and no

cells were plagﬁgrqaircle}pe lower compartment. UCB-MSCs were cultured in an IL-8 free medium or 20in a
medium containing different concentrations of recombinant humane IL-8 for 24

2. The pharmaceutical composition of claim 1, wherein the mesenchymal stem cells isolated
from umbilical cord blood and/or the mesenchymal stem cells expanded from said mesenchymal stem

cells function as a carrier for gene therapy for treating brain tumors.

3. The pharmaceutical composition of claim 1, wherein an anti-tumor gene is introduced to the
mesenchymal stem cells isolated from umbilical cord blood and/or the mesenchymal stem cells

expanded from said mesenchymal stem cells.

4. The pharmaceutical composition of claim 3, wherein the anti-tumor gene is selected from the
group consisting of a tumor suppressor gene, an apoptosis-inducing factor gene, a cell cycle

regulatory gene and an angiogenesis inhibitor gene.

5. The pharmaceutical composition of claim 4, wherein the tumor suppressor gene is selected
from the group consisting of a gene of phosphatase and tensin homolog (PTEN), a gene of Maspin, a
gene of RUNXS, a gene of Caveolin-1, a gene of nm23, a gene of Rb protein, a gene of Brush-1, a
gene of inhibitor of tumor growth (ING-4), a gene of survivin, a gene of X chromosome linked inhibitor
apoptosis protein (XIAP), a gene of neural apoptosis inhibitory protein (NAIP) and genes of proteins

related to regulating said genes.

6. The pharmaceutical composition of claim 4, wherein the apoptosis inducing factor gene is
selected from the group consisting of a gene of cytokine, a gene of interleukin, a gene of a tumor

necrosis factor (TNF), a gene of interferon(INF-a, INF-B, INF-y), a gene of a colony stimulating factor
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hours. As a result, it can be seen that UCB-MSCs migrated more when treated with IL-8 than when they
were not treated with IL-8 (FIG. 9A). IL-8 receptor on UCB-MSCs can be effectively blocked by
anti-human CXC chemokine receptor 1 (CXCR1) antibodies. After pre-incubation of UCB-MSCs with 25
anti-CXCR1 antibodies, recombinant IL-8 was again applied to UCB-MSCs. IL-8 mediated migration of
UCB-MSCs was reduced, in a dose-dependant manner, by anti-CXCR1 treatment (FIG. 9B). Anti-CXCR2
treatment also showed the same effect. ~ Similarly, GRO-a treatment also enhanced UCB-MSCs

migration whetseomparRbigssniraaest sitst (FYenO8 rRRR @@ hRlR8gS iriberGsix sddamily and can
et 30 PP TSI R A A ARSI SR LIRS

contrast, signific anlg ifferences were not found'in UCB-MSCs migration in cultures treated with MCP-1

(FIG. 9 D). THESS G5 st?ongﬁy indicate that IL-8 and GRO-a participate in migration of UCB-MSCs
towards U-87 MG cells. WO 2009/028870PCT/KR2008/005026 <Example 9> UCB-MSCs migrates
toward A549 cell overexpressing IL-8 The relationship between the concentration of IL-8 secreted from
several cancer cellsa@HdcBebdEassmigraittonard eachichacer celk wasdtenidieds FIG. 10A 5shows

ELISA resultgdpgisatisg (0 geRp ek Hoéhseetated igeRaedis dmithish J8y-ME, Gyaingiumor),
KATO111(gagiric sAnessd, 4 Ag%% Q%NWRP%[%@&%J%WF BE%&'&Y%R?&W{ ) G5l Wk eidred. In this

regard, the concentratlon of 1L-8 was measured per 1x105cells. Amon ancer celf Ilnes assayed,
U-87 MG shawed® tﬂ Hl%rﬁtéa's”f ﬁ_g%nﬁro(g lZJEt?Sn ﬁlss%lgctg'%%ffgrs g tﬂggf T‘i&gﬁv@t‘i rﬁa& a strong
migration attr4eH8i4 BRE\VASRESIL-8 producing cells. In addition, other human brain tumor cells, that is,
LN18, U138, and U251 cells, also showed the similar concentration level of IL-8 as that of U-87 MG (see
FIG. 108). Therefore, it can be seen that UCB-MSCs has a tropism for IL-8 secreted by brain tumor cells.

8. The pharmaceutical composition of claim 4, wherein the angiogenesis inhibitor gene is
selected from the group consisting of a gene of thrombospondin-1, a gene of endostatin, a gene of
tumstatin, a gene of canstatin, a gene of vastatin, a gene of restin, a gene of a vascular endothelial
growth inhibitor, a gene of maspin, a gene of angiopoietins, a gene of 16-kd prolactin fragment and a
gene of endorepellin.

9. The pharmaceutical composition of claim 1, wherein a prodrug converting enzyme gene is
introduced to the mesenchymal stem cells isolated from umbilical cord blood and/or the mesenchymal

stem cells expanded from said mesenchymal stem cells.

10. The pharmaceutical composition of claim 9, wherein the prodrug converting enzyme gene is

selected from cytosine deaminase gene and CYP2B1 gene.

11. The pharmaceutical composition of claim 1, wherein an antisense or siRNA of a gene related
to brain tumor is introduced to the mesenchymal stem cells isolated from umbilical cord blood and/or

the mesenchymal stem cells expanded from said mesenchymal stem cells.

12. The pharmaceutical composition of claim 11, wherein the gene related to brain tumor is
selected from the group consisting of a gene of Ras family, a gene of c-myc, a gene of abl, a gene of

erbB-1, a gene of EGF-R, a gene of Bax, a gene of Apaf-1 interacting protein (APIP), a gene of Wnt-
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In order to know whether addition of IL-8 to cells expressing a lower level of IL-8 15 induces the migration
of UCB-MSCs, IL-8 was overexpressed in A549 that is a human lung cancer cell. FIG. 10C shows
migration results of UCB-MSCs after IL-8 gene was introduced to A549 cells that secrete a low level of
IL-8 by using a lipofectannine reagent and then IL-8 was overexpressed. Referring to FIG. 10C, more
UCB-MSCs migrated in A549 cells having overexpreesed IL-8 than in A549 cells. Accordingly, it can be
seen 20 that IL-8 could be a strong inducer of UCB-MSCs migration. FIG. 100 shows the concentration of
IL-8 secretediiffqussmedisis poricandiigp Phgemeaswed fy & fi %&m@rcl%e@@mmrison of
reaction of Blyl- M?S}%ﬁﬂdzg%% %%%?&Lﬂi respect to IL-8 25Since it is known that BM-MSCs migrate
toward U-87 I\/FG cells in vitro and in vivo, migration characteristics of BM-MSCs and UCB-MSCs with
respect to U-87 MG cells were compared to those with respect to IL-8 (FIG. 11). A of FIG. 11 shows
tropism characteristics of BM-MSCs and UCB-MSCs migrated toward the lower compartment B, that is,
toward U87 MG 18 ofhF iBarineashitingls-eropsisitarceiafzivtérigireeindBENIBOSUa i R0AUEBIMIBCs migrated
toward the lowefeachyiparate oéiB ivohen theyuangitee abetbiathald/8r tos hdsbathgsdRedertisng to FIG. 11, more

UCB-MSCs migsaied tharRiMddatsmingsafasg, it can be seen that UCB-MSCs strongly corresponded to
IL-8 and migrated more, but BM-MSCs relatively weakly corresponded to IL-8. WO

2009/028870PCT/KR2008/005026 <Example 11> Expression levels of the IL-8 receptor CXCR1 and
CXCR2 in UCB-MSCs Expression levels of CXCR1 and CXCR2 which are IL-8 receptors in
UCB-MSCs and'BMIMSCETRe?81ed) riTarsti B\ PheEs fing 1aRNR vahiroteih ifP e dPeXCR1 and 5
CXCR2. FIGHeD ek shoiwsvirsghd ¢RMADPRIVhich was performed with CXCR1 and CXCR2 primers after
MRNA was isolated in each of CXCR1 and CXCR2. GAPDH was included into each sample to assess the
guantity of the isolated RNA. FIG. 12 B shows results of expression levels of CXCR1 and CXCR2

obtained by megguring gach MRNA é%%gs\%ﬁ%?é‘i}’y I]QSJC%?%%'”‘%Q RILE1Gs Br%r“tHr%H?%a densitometer (*
and **, p<0. 001 10 n=4). As a result ana%&s tfor all the RNA isolated from UCB-MSCs and

BM-MSCs, tH8 BAFt a8 L SR B %%%E?EWS% CRICRECEER 2 WP ' YBB-MSCs than in
BM-MSCs. Ff3ariaste AfisqonadR/sRapnatd yreanseBra) HamGHEAI AP YOB2/MSCs and BM-MSCs with
anti-CXCR1 &nee@XGRImantihede®tm i ddioifgndiaaliessidirtie esedd CHGRA aemhXRGR 1 ¢et00). Referring
to C of FIG. 12, 15 UCB-MSCs and BM-MSCs showed high expression levels of CXCR1 and CXCR2.

16. A composition for diagnosing brain tumor or monitoring brain tumor treatment progression,
wherein the composition includes the mesenchymal stem cells isolated from umbilical cord blood
and/or the mesenchymal stem cells expanded from said mesenchymal stem cells, wherein the brain
tumor cell expresses at least one selected from the group consisting of IL-8 and GRO-a and is a
glioma cell, wherein the mesenchymal stem cells isolated from umbilical cord blood and/or the
mesenchymal stem cells expanded from said mesenchymal stem cells are labeled with a detectable

marker.

17. The composition of claim 16, wherein the detectable marker is selected from luciferase-

containing enzyme-based fluorescent detector and Tat peptide-derivatized magnetic nanoparticles.

18. The composition of any one of claims 16 and 17, wherein the brain tumor is selected from
the group consisting of Astrocytoma, Pilocytic astrocytoma, Low-grade Astrocytoma, Anaplastic
Astrocytoma, Glioblastoma Multiforme, Brain Stem Glioma, Ependymoma, Subependymoma, Mixed

Glioma, Oligodendroglioma, Optic Nerve Glioma, and a combination thereof.
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Since IL-8 has high affinity to CXCR1 and CXCR2, increased UCB-MSCs migration toward U-87 MG may
be due to up-regulated expression of CXCR1 and CXCR2. FIG. 12 D shows analysis results obtained by
immuostaining UCB-MSCs and BM-MSCs with a secondary antibody only without anti-CXCR1 and
CXCR2 antibodies to identify antigen 20specificity of the anti-CXCR1 and CXCR2 antibodies. <Example
12> Introduction of gene into umbilical cord blood mesenchymal stem cell As an example of an
experiment in which a gene is introduced into UCB-MSCs, a 25green fluorescent protein (GFP) was
overexpressed using an electroporation method with a human MSC neucleofector produced by amaxa
biosystem Co. and an electroporation method. 4x105 ceIIs of UCB-MSCs were cultured for two days and
then placed in a |x'&11(rte]c oftS mg ¢ of atGFP encodln ene anc 100 mi o(1jc a humarmll\/l% ucelofector for
15 minutes and the GeNe Wae mrroduced i A sie tro orator. The 30 reSitant DTS Cs were moved
to a plate anﬂ"%?f’eﬁ’eﬂﬁeﬁﬂl?%”@%@§§5ﬁ?&@%WWW@R@?%HW%‘%B‘PQ’?W%@M microscope. The
GFP could beridartidiend. inhareiptthplesbiicf exndhlddERsserrignchByal stemTglltisdtaasteoisibwitiohe) CB-MSCs
to which the ebRReidcoding lgeing 43 éntrecisdingd tteqebdalgadavdrig eaging \genenandoameimpty gene was
overexpressed)igxbiBedpfesit WO d0AMGRRAHORCub MRAANSIND 2% and thery id digpismaf the resultant
UCB-MSCs fopd kiR tes Irnlsdolisr fReAs0RasIPIURRE 35 Hasrined aRgye, VCB-MISCs

expressing GFP w gtla IIace 1in an upper com ahrtmelzntt of a transwell cham gzr and U-87 MG was placed
in a lower compar PPRERT SRt R AR G eran ISR Te R Vil exﬁ?ers"smgc@ﬁg 850'U-87 5 MG
were co-cultui@d for 24 hours. Among cells migrated toward the lower compartment, GFP positive cells
were identified. As a result, it can be seen that UCB-MSCs overexpressing GFP due to introduction of a
GFP gen had a strong tropism for U87 MG (FIG. 14). WO 2009/028870PCT/KR2008/005026

20. The kit of claim 19, wherein the gene encoding the prodrug converting enzyme is selected

from the consisting of a cytosine deaminase gene, a CYP2B1 gene and a combination thereof.

21. The kit of claim 19 or 20, wherein the brain tumor is selected from the group consisting of
Astrocytoma, Pilocytic astrocytoma, Low-grade Astrocytoma, Anaplastic Astrocytoma, Glioblastoma
Multiforme, Brain Stem Glioma, Ependymoma, Subependymoma, Mixed Glioma, Oligodendroglioma,

Optic Nerve Glioma, anda combination thereof.

22. A gene therapy composition for transferring a therapeutical gene or product thereof to a cell,
wherein the gene therapy composition comprises the mesenchymal stem cells isolated from umbilical
cord blood and/or the mesenchymal stem cells expanded from said mesenchymal stem cells, wherein
the cell expresses at least one selected from the group consisting of IL-8 and GRO-a and induces
tropism of the mesenchymal stem cells isolated from umbilical cord blood and/or the mesenchymal

stem cells expanded from said mesenchymal stem cells and the cell is a glioma cell.

23. The gene therapy composition of claim 22, wherein the mesenchymal stem cells isolated
from umbilical cord blood and/or the mesenchymal stem cells expanded from said mesenchymal stem

cells function as a carrier for gene therapy.
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DESCRIPTION OF THE DRAWINGS FIG. 1 is a view illustrating a process of collecting mesenchymal
stem cells (MSCs); 5FIG. 2 is a schematic view of a transwell chamber that is used to co-culture umbilical
cord blood derived mesenchymal stem cells (UCB-MSCs) and various cell lines according to the present
invention; FIG. 3 is a graph of the number of UCB-MSCs migrated toward a lower compartment of a
transwell chamber when PKH-labeled UCB-MSCs placed in an upper io compartment of the transwell
chamber and each of U87-MG, LS174-T, NC-37, and NIH3T3 cells placed in the lower compartment of
the transwell chambeeajeh & GG p MRGT Sidiaim bA)whdefh hasindicaias R sasincudisimhe cell number

of cell lines ”?nﬁl%n'& rﬁ£|‘§%mQ&T&@&Q&H‘f%&%ﬁ%ﬂ%‘r&%@Qﬁﬁ/lﬁ & HER:ER-aekA Kgbt bar indicates a

case in which th e cell num r of ce s in the lower compartment in the transwell is chamber is 5X105
cells, and in bo?ﬁncaser%mt & um n%ry Tf’ Cs is 1X105cells and in (B), a left fluorescent microscopic
image shows PKH26-labeled UCB-MSCs mlgrated toward the lower compartment of the transwell
chamber when a human cell line-free medium only is used (control), and a right fluorescent microscopic
image shows PKb26rabeale thddlpBedApesionighased 2 wasekithed aniettaonypar isnertel thenttanswell 20
chamber whejouit@RsidinB MbntorppReebi iR Withobt8d s MG G&dlBictor g&Ga delbcc@raph of the number

of UCB- MSC%J,UHQSWS&LOA’M@ ‘%HHSA&!KS\E compartnent of the transwell chamber when PKH-labeled
UCB-MSCs placed in'the upper compartment of the transwell chamber and each of U87-MG, KATO Il

A549, PLC/PRF5, LN18, U138, and U251 cells placed in the lower compartment of the 25 transwell
chamber are co-cultured (A and C), wherein (B) is an fluorescent microscopic image of PKH26-labeled
UCB-MSCs migeatedinrogeaedhtieriowepadivipeftiaiens. ahdr¢D fhs tantpragubrasfstieeganeribeatesfad CB-MSCs
migrated whenhGBgMbHCansisengafcLltead prbikphitst MidtalishanaiirIBM)NMGeaebsniesgn, a
cultured-congfins songdia YNCH iSREaRar erhbieGrlMEng HBEZ M sellsdinmeris:andihen removing U87
MG cells frolfpe% oP IR §9u %%,I? ?Bn&fagufgenggr@mwmg { %Rés %fows%?ﬁe%%%? MSCs for

U-87 MG cells, wherein each o Cs an é%aced in the upper

compartmentRRIgE %Pé%‘&%éﬁ"é@aﬁﬁ%?% ARV Al ek wﬁ*ébmac%aﬁw HA'T’MS? WBIRHARMERPin the
transwell chali¥ites RreURMIAHE8easR the number of PKH-labeled UCB-MSCs migrated toward the lower
compartment is compared with the 38 WO 2009/028870PCT/KR2008/005026 number of PKH-labeled
BM-MSCs, wherein a left bar indicates a case in which U-87 MG cells do not exist and a right bar

indicates a caseyi whichAd- %M&&ﬁy&@mﬂ% RYMREEAlitd-So MG GRIRIR PbPgeRd in both cases,
the number of M§%§r Xl 5: FIG.. %\gf gr%ﬁe 09 lelzmotactlc gd CFS of UCB- M§Qs when UCB-MSCs

roUp c nsisti ae agene ol INteTieykin, a gene of a tumor
are 5co-cultured W|th cancer cell ines a an
necrosis factor (TNF), a gene of mterferon(INF a, INF-B, INF-y), a gene of a colony stimulating factor
(CSFs), a gene of p53, a gene of Apaf-1, a gene of TRAIL, a gene of Caspase, a gene of Bax, a gene
of Bad, a gene of FADD, a gene of JNK, a gene of p38 kinase, and genes of proteins related to

regulating said genes.

28. The gene therapy composition of claim 25, wherein the cell cycle regulatory gene is selected
from the group consisting of a gene of cdc2, a gene of Cyclin(Cyclin A, Cyclin D, Cyclin E), a gene of
cdc25C, a gene of p21WAF, a gene of p16INK4, a gene of CDK(CDK1, CDK2, CDK4, CDK®6), a gene
of Rb protein, a gene of E2F, an antisense or siRNA thereof, and genes of proteins related to

regulating said genes.

29. The gene therapy composition of claim 25, wherein the angiogenesis inhibitor gene is
selected from the group consisting of a gene of thrombospondin-1, a gene of endostatin, a gene of

tumstatin, a gene of canstatin, a gene of vastatin, a gene of restin, a gene of a vascular endothelial
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FIG. 7 shows results obtained by analyzing cell lysates and cell culture supernatants through a cytokine
array after each of NC37, LS174-T, and U-87 MG cells is co-cultured with UCB-MSCs; FIG. 8 shows
analysis results obtained by collecting conditioned media in which 10 UCB-MSCs were cultured alone,
U-87 MG cells were cultured alone, and both of UCB-MSCs and U-87 MG cells were co-cultured,
incubating the conditioned media on an array membrane, and then visualizing the incubated results with
ECL reagents, wherein (A) shows cytokine antibody array analysis results from the conditioned media
with UCB-MSfsanghinediareantiaboiB) sbaws agebsistesyisavnendng sandivipes: 45 media in which
U-87 MG onlgér?e%ggwgrggalﬂsed and when the media in which a UCB-MSCs and U-87 MG are
co-cultured is used, and (C) shows mRNA isolation results from UCB-MSCs (left) cultured with or without
U-87 MG cells or UCB-MSCs, and from U-87 MG cells cultured with and without UCB-MSCs, wherein
RP-PCT is performed with IL-8 specific primers and GAPDH is used as a control group; 20FIG. 9 is a
graph for identifylhg TthreceffebeEpylc@naeriichRBzm 2 ohgrene eyedikiness wnily zed wattereference to FIG. 8,
on MSC migratiefucedhe redrmeAdrishgngil afeih oéicatbnitigratio nrtbiiar ddiae wencormp aréseactywhien MSCs are

treated with agacamiRanRttl#RYURIRIYNhyhal Qednrdid 00 ng for 24 hours, (B) is a graph of cell
migration toward the lower compartment when UCB-MSCs are pre-treated with 0.02, 0.2, and 2 pg of a

CXC 25chemokine receptor 1 (CXCR1) antibody that is known as a receptor of IL-8 in cells and then
treated with 50 ng of IL-8 to promote the MSC migration, (*, p=0.007; **, p<0.001), (C) is a graph of cell
migration toward the G\WeiecBrPAEATERRE I ShATCBAINEETs AR RELHRIVEIEREIZAT® 8:96.505), and (D) is
a graph of cetergrdtiontieluseyMSGistaootrytoite détmvisageytache MG2Braatemt protein-1 (MCP-1);
30FIG. 10 consists of (A), (B), (C), and (D), wherein (A) and (B) are graphs of the amount of IL-8 secreted
in the cultured media with U-87 MG KATO IIl, A549, PLC/PRF5, LN18, U138, and U251 cells, measured

by ELISA, (C) is3 gﬁQBe‘Rf?ﬁ:‘ LA %gatwmm %Q%&L%'QNQQ.Q&%% 895‘?-‘53‘1\90 lEGLpting a low level

of IL-8 and overexpressed, an IS a e amount 8 secrete e media in the condition
of (O, WO SOaIPBBTERER db*@fﬁg@@fésrﬁ@ash%éa g PTEATo et SRR for
comparing troEREErARE R CRPaRtr BirIAIIE B98P cgeNIE LIS, wherein (A) is a graph for
comparing tropism of UCB-MSCs and BM-MSCs moved toward the lower compartment, with respect to
U-87 MG cells, and (B) is a graph 5 for comparing tropism of UCB-MSCs and BM-MSCs when

UCB-MSCs and3§.MTMz%Q§e @H@'Qﬁ?&ﬁféd&lﬁh uf'ﬁafﬂ@%%%rﬁihe gene related to tumor is selected
from the group consisting of a gene of Ras family, a gene of c-myc, a gene of abl, a gene of erbB-1, a
gene of EGF-R, a gene of Bax, a gene of an Apaf-1 interacting protein (APIP), a gene of Wnt-1-
induced secreted protein 1 (WISP-1), a gene of Wnt, a gene of Raf-1, a gene of Src, a gene of Akt, a

gene of Erk-1,2 and a gene of BcL-2.

34. The gene therapy composition of claim 22, wherein an oncolytic virus is introduced to the
mesenchymal stem cells isolated from umbilical cord blood and/or the mesenchymal stem cells

expanded from said mesenchymal stem cells.

35. The gene therapy composition of claim 34, wherein the oncolytic virus is selected from the

group consisting of Herpes simplex virus and Reovirus type 3.

36. A composition for diagnosing a disease occurring in a site, comprising a cell or monitoring

treatment procession of the disease, wherein the composition comprises the mesenchymal stem cells

36



FIG. 12 show analysis results for comparing expression levels of CXC chemokine receptor 1 and CXC
chemokine receptor 2 (CXCR1 and CXCR2), which are known as IL-8 receptors, in UCB-MSCs and
BM-MSCs, by measuring mRNA and protein, wherein 10 (A) shows analysis results when mRNA is
separated from each of UCB-MSCs and BM-MSCs and RT-PCR was performed with CXCR1 and CXCR2
primers in UCB-MSCs and BM-MSCs, wherein the separated RNA was quantified with reference to
GAPDH reacted with each sample, (B) is a graph of expression levels of CXCR1 and CXCR2 by

measuring thgoRancmentit ooy aheschantLhatajnesteamnds byihdaddrpsiameter 15 (* and **,

p<0.001; n=4), (C) NN S AN RS A& SR U PEIPRIC EXRY f_éﬁ&@ﬁb'?é(@éé&ﬂ?%&%ﬂo G RgeR2 in
UCB-MSCs a M- S %Xogﬁgﬁ(ggrsntlrg? a |mmunosta|p proces XCR1 and" CXR2

in and anfi-
antibodios G SIS} LA Rk P e et cals o hom bl % B0 e o
with a second%Ry APHBORY BIRT FHEEAT SR SiiE-29a0TRY aRisek CRMIHERER te'tRBAe Sihen
specificity of gaioerarpeX BRTesatEXT RO e¢HIbodiied from BI@ilid8 derdibfhedrenstettemicroscopic image of
UCB-MSCs toasétichyagene codinggiee irdhesrsoerhiptaisté cf} sdmniveduaat amdeordplecxpressed;
FIG. 14 showsesults of an experiment in which each of the gene coding GFP and an empty gene is
overexpressed in UCB-MSCs. Said UCB-MSCs are placed in a 25 upper compartment in a transwell and
U-87 MG cells are placed in a lower compartment in the transwell and cocultured for 24 hours, and then
UCB-MSCs migrated toward the lower compartment are identified; and FIG. 15 shows primer sequences
used in Example’é-of tiEPResHon iPhEHBRS: pLersRIDURTtINT2Be s¥df sepfPL Tan L EsPT CO., LTD.
<120>Corrposinsistirg Pbr titierdiagausising eevengiors ot flverascerd Aeteftell andsteeptitigtaelivetiretlls expressing
IL-8 or GRO-nadgabia; reatipiticeisng UCB- NSCs <150> <151> <150> <151>

38. The gene therapy composition of any one of claims 22 to 35, wherein the cell expressing IL-8

or GRO-a is a brain tumor cell.

39. The composition of any one of claims 36 to 37, wherein the cell expressing IL-8 or GRO-a is

a brain tumor cell.
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<150> <151> KR1020070087228 2007-08-29 US 60/ 972966 2007- 09- 17 KR 1020080067247 2008-
07- 10 <150>US 61/089733 <151>2008-08-18 <160>8 <170>Kopatent I n 1.71 <210>1 <211>20
<212>DNA WO AWMLl Sequence PCT/KR2008/005026

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view illustrating a process of collecting mesenchymal stem cells
(MSCs);

5 FIG. 2 is a schematic view of a transwell chamber that is used to co-culture
umbilical cord blood derived mesenchymal stem cells (UCB-MSCs) and various cell lines
according to the present invention;

FIG. 3 is a graph of the number of UCB-MSCs migrated toward a lower
compartment of a transwell chamber when PKH-labeled UCB-MSCs placed in an upper

10 compartment of the transwell chamber and each of U87-MG, LS174-T, NC-37, and
NIH3T3 cells placed in the lower compartment of the transwell chamber are co-cultured,
wherein: in (A), a left bar indicates a case in which the cell number of cell lines in the
lower compartment in the transwell chamber is 1X10° cells and a right bar indicates a
case in which the cell number of cell lines in the lower compartment in the transwell

15 chamber is 5X10° cells, and in both cases, the number of UCB-MSCs is 1X10°cells and
in (B), a left fluorescent microscopic image shows PKH26-labeled UCB-MSCs migrated
toward the lower compartment of the transwell chamber when a human cell line-free
medium only is used (control), and a right fluorescent microscopic image shows
PKH26-labeled UCB-MSCs migrated toward the lower compartment of the transwell

20 chamber when when UCB-MSCs are co-cultured with U87-MG cells;

FIG. 4 is a graph of the number of UCB-MSCs migrated toward the lower
compartment of the transwell chamber when PKH-labeled UCB-MSCs placed in the
upper compartment of the transwell chamber and each of U87-MG, KATO IlI, A549,
PLC/PRF5, LN18, U138, and U251 cells placed in the lower compartment of the

25  transwell chamber are co-cultured (A and C), wherein (B) is an fluorescent microscopic
image of PKH26-labeled UCB-MSCs migrated toward the lower compartment, and (D) is
a graph of the number of UCB-MSCs migrated when UCB-MSCs are co-cultured with
U-87 MG cells, or with U87 MG cells-free cultured-conditioned media which is prepared
by culturing U87 MG cells in media and then removing U87 MG cells from the media;

30 FIG. 5 is a graph for comparing tropisms of BM-MSCs and UCB-MSCs for U-87
MG cells, wherein each of PKH-labeled UCB-MSCs and PKH-labeled BM-MSCs placed
in the upper compartment in the transwell chamber and U-87 MG cells placed in the
lower compartment in the transwell chamber are co-cultured and the number of
PKH-labeled UCB-MSCs migrated toward the lower compartment is compared with the
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<220> <223>pr i rrer sequence f or CAPDH <400>1 accacagt cc at gccat cac20 <210>2 <211>20
<212>DNA <213>Artificial Sequence <220> <223>pr i rrer sequence f or CAPDH <400>2 t ccaccaccc
t gt t gct gt AP0 209028840 11>22 <212>DNA <213>Artificial Sequence <22BST/KR2008/005026

number of PKH-labeled BM-MSCs, wherein a left bar indicates a case in which U-87 MG
cells do not exist and a right bar indicates a case in which U-87 MG cells exist (the
number of U-87 MG cells is 5X10°, and in both cases, the number of MSCs is 1X105:

FIG. 6 is a graph of chemotactic indices of UCB-MSCs when UCB-MSCs are

5  co-cultured with cancer cell lines (A549, Hela, and U-87 MG cells) ;

FIG. 7 shows results obtained by analyzing cell lysates and cell culture
supernatants through a cytokine array after each of NC37, LS174-T, and U-87 MG cells
is co-cultured with UCB-MSCs;

FIG. 8 shows analysis results obtained by collecting conditioned media in which

10 UCB-MSCs were cultured alone, U-87 MG cells were cultured alone, and both of
UCB-MSCs and U-87 MG cells were co-cultured, incubating the conditioned media on
an array membrane, and then visualizing the incubated results with ECL reagents,
wherein (A) shows cytokine antibody array analysis results from the conditioned media
with UCB-MSCs and medium control, (B) shows analysis results when the conditioned

15 media in which U-87 MG only is cultured is used and when the media in which a
UCB-MSCs and U-87 MG are co-cultured is used, and (C) shows mRNA isolation results
from UCB-MSCs (left) cultured with or without U-87 MG cells or UCB-MSCs, and from
U-87 MG cells cultured with and without UCB-MSCs, wherein RP-PCT is performed with
IL-8 specific primers and GAPDH is used as a control group;

20 FIG. 9 is a graph for identifying the effect of IL-8 and GRO-a, among the cytokines
analyzed with reference to FIG. 8, on MSC migration, wherein (A) is a graph of cell
migration toward the lower compartment when MSCs are treated with a recombinant IL-8
protein for 0, 1, 10, and 100 ng for 24 hours, (B) is a graph of cell migration toward the
lower compartment when UCB-MSCs are pre-treated with 0.02, 0.2, and 2 pg of a CXC

25 chemokine receptor 1 (CXCR1) antibody that is known as a receptor of IL-8 in cells and
then treated with 50 ng of IL-8 to promote the MSC migration. (*, p=0.007; **, p<0.001),
(C) is a graph of cell migration toward the lower compartment when UCB-MSCs are
treated with GRO-a (*,p<0.005), and (D) is a graph of cell migration when MSCs are
treated with Monocyte chemoattractant protein-1 (MCP-1);

30 FIG. 10 consists of (A), (B), (C), and (D), wherein (A) and (B) are graphs of the
amount of IL-8 secreted in the cultured media with U-87 MG, KATO I, A549, PLC/PRFS5,
LN18, U138, and U251 cells, measured by ELISA, (C) is a graph of cell migration when
IL-8 gene is introduced to A549 cell secreting a low level of IL-8 and overexpressed, and

(D) is a graph of the amount of IL-8 secreted in the media in the condition of (C),
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<223>pri rrer sequence for | L- 8 <400>3 t cct gat ttc t gcagct ct g t g22 <210>4 <211>22 <212>DNA
<213>Artificial Sequence <220> <223>pri rrer sequence for | L- 8 PCTKR2008005026-seq! . app
<400>4 t gcMARIQ81028878 ¢t ggea t022 <210>5 <211>20 <212>DNA <213>ReHiKRIEG8G03Ee

measured by ELISA;
FIG. 11 are graphs for comparing tropisms of UCB-MSCs and BM-MSCs for U-87
MG cells, wherein (A) is a graph for comparing tropism of UCB-MSCs and BM-MSCs
moved toward the lower compartment, with respect to U-87 MG cells, and (B) is a graph
5 for comparing tropism of UCB-MSCs and BM-MSCs when UCB-MSCs and BM-MSCs
are treated with IL-8 for 14 hours;
FIG. 12 show analysis results for comparing expression levels of CXC chemokine
receptor 1 and CXC chemokine receptor 2 (CXCR1 and CXCR2), which are known as
IL-8 receptors, in UCB-MSCs and BM-MSCs, by measuring mRNA and protein, wherein
10 (A) shows analysis results when mRNA is separated from each of UCB-MSCs and
BM-MSCs and RT-PCR was performed with CXCR1 and CXCR2 primers in UCB-MSCs
and BM-MSCs, wherein the separated RNA was quantified with reference to GAPDH
reacted with each sample, (B) is a graph of expression levels of CXCR1 and CXCR2 by
measuring the band intensity of mRNA of each gel obtained from (A) with a densitometer
15 (* and **, p<0.001; n=4), (C) shows analysis results of protein expression levels of
CXCR1 and CXCR2 in UCB-MSCs and BM-MSCs by performing a immunostaining
process and anti- CXCR1 and CXR2 antibodies (x400), and (D) shows analysis results
obtained by immuostaining UCB-MSCs and BM-MSCs with a secondary antibody only
instead of anti-CXCR1 and CXCR2 antibodies to identify antigen specificity of the
20 anti-CXCR1 and CXCR2 antibodies;
FIG. 13 is a fluorescent microscopic image of UCB-MSCs to which a gene coding
green fluorescent protein (GFP) is introduced and overexpressed:;
FIG. 14 shows results of an experiment in which each of the gene coding GFP
and an empty gene is overexpressed in UCB-MSCs. Said UCB-MSCs are placed in a
25 upper compartment in a transwell and U-87 MG cells are placed in a lower compartment
in the transwell and cocultured for 24 hours, and then UCB-MSCs migrated toward the
lower compartment are identified; and
FIG. 15 shows primer sequences used in Examples of the present invetion.
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<220> <223>pri rrer sequence f or CXCR1 <400>5 gagccccgaa tot gacat t a20 <210>6 <211>20
<212>DNA <213>Artificial Sequence <220> <223>pri rrer sequence f or CXCR1 <400>6 gcagacact g
caacacacct20 <210>7 <211>20 <212>DNA <213>Artificial Sequence <220>

PCTKR2008005026-seql .app

<110> MEDIPOST CO., LTD.

<120> Composition for the diagnosis, prevention or treatment of
diseases related to cells expressing IL-8 or GRO-alpha,
comprising UCB-MSCs

<150> KR1020070087228

<151> 2007-08-29

<150> US 60/972966

<151> 2007-09-17

<150> KR 1020080067247

<151> 2008-07-10

<150> US 617089733

<151> 2008-08-18

<160> 8

<170> Kopatentln 1.71

<210> 1

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> primer sequence for GAPDH

<400> 1

accacagtcc atgccatcac 20

<210> 2

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> primer sequence for GAPDH

<400> 2

tccaccaccc tgttgctgta 20

<210> 3

<211> 22

<212> DNA

<213> Artificial Sequence

<220>

<223> primer sequence for 1L-8

<400> 3

tcctgatttc tgcagctctg tg 22

<210> 4

<211> 22

<212> DNA

<213> Artificial Sequence

<220>

<223> primer sequence for IL-8
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<223>pri rrer sequence f or CXCR2 <400>7 at t ct gggca t cct t cacag20 <210>8 <211>20 <212>DNA
<213>Artificial Sequence <220> <223>pri rrer sequence f or CXCR2 <400>8 t gcact t agg caggaggt
ct20

PCTKR2008005026-seql .app

<400> 4

tgcttgaagt ttcactggca tc 22
<210> 5

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> primer sequence for CXCR1

<400> 5

gagccccgaa tctgacatta 20
<210> 6

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> primer sequence for CXCR1

<400> 6

gcagacactg caacacacct 20
<210> 7

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> primer sequence for CXCR2

<400> 7

attctgggca tccttcacag 20
<210> 8

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> primer sequence for CXCR2

<400> 8

tgcacttagg caggaggtct 20
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